gus friction- actuated extrusion of. copper and ot‘her netals. - The
on is concerned nore specifically with the tooling used therein, by
ich is nmeant any part of::tthe apparatus that contiacts the netal being-
truded. Tooling to which the Fndemtion applies includes (but is not

limted to) abutne Les, . die-holders _and wheels for u Conf orm
process (UK Pat ent M?’%ﬁq&jﬁgg:?@mms%cess of ouqugggg]e'd .
British Applicatio A Such_tooling operates upder onerous
con &1 one” wiih voryEs; Savsnbian BTLLa0 i LRI (BT i 1
subj ect td & t 2i 4k eo8r ad| S 23@d jediiid Or ow of plastic
nmet al across t‘ﬂ?too I ng sur?gcggbgggciag? gtgxe#gfhesuc as%%t desi gnat ed
H13, are igRramiidoNdd | Yons€snaddmayel dpbca®ilad 13N vt 6dnd Vi SHEf g mat i on
but the rate of wear |eaves nuch to be desired, and tooling nade of these
mat eri al asedl|théyginalby WAYEh! @sbmeagR! aggd pafritelofitd Hpisa At s ar ound
one or two tonnes of 2.5mm di ameter copper wire. Harder materials that
woul d be tivgtectanktaotatiee ambtal ebeingr exextudednce at runni ng tenperatures
(about [ERR] for extrusion of copper) have proved unacceptable, other than
for insert dies, beteebinghty whichpbsbe Linviendion fappiiese ingludes during
start-up,,_ when tenperatures_and tenperature gradients are |ower and
stresses (Muheks M aliitedt kR) hABHEPERseraties gdadidens avded and

severe lipits on_accessibilit
wheels £or ‘use Eh thd Conform process (UK Patent 1370894)

ACTUATED EXTRUSI ON 2102321 This invention relates to ..
i

or the improved process of our published British
Application No. 2069389A.

Such toofing operﬁtes under onerous conditions,
with very high and non-uniform pressureé applied to it
while subject to large temperature gradients and to non-—
‘uniform flow of plastic metal across the tooling surface.
Special steels, such as that designated H13, are
conventionally used and.avoid frécture and excessive
deformation but the rate of wear leaves much to be |
desired, and tocling made of these materials would
typically have to be replaced after extruding only around
one or two tonnes of 2.5mm diameter copper wire.

lHarder materials that would be expected to have
a better wear resistance at running temperatures (about
500-600°Cfor extrusion of copper) have proved
unacceptable, éther.than for insert dies, because they
have been liable to'fracture failure during start-up,
when temperatures and temperature gradients are lower

and stresses higher. Because of the high temperature

gradients involved and severe limits on accessibility



_

anyt-hi ng resenbling runnirng conditions w thout applying stress. W have n
di scovered that certadin nickel alloys, which appeared unsuitable for the
pur pose because they are significantly |l ess hard than the steels

conventional ly used and so seemed |ikeFy2to have inferior wear resistance,

ar.€; not onIy satlsfactor for the purpose but can consi derabl ut-perform .
the\tonventlonallgPBEFg nt§EcBFH§n€€eﬁFPFtheanﬁénFPGn iﬁéﬁ#ﬁ for

continuous friction-actuated extrusion is aracterised b made at
least in part frBﬁ?éﬁ@ﬁ 'n*'?k@‘PYE%ﬁPg ﬁﬁFB’&gé‘ngl )% %”Sgl %11 %t rength
of at | east 1000 . (a o of fset) and mhlch I s capabl e of
'sustaining an adﬁgggﬁPg %§5§#n§ Etg é;rably the alloy is col d-worked:

prior to aging to give a yel 0 I n of
at | east 1500 and preferabk’g %88% ?UV@E[eERR a\(egtcg(&)ﬂ%%ﬁog?ggdte?'g) The

invention incl UdSilé 8l Oﬁﬁiéhoﬁ B&h&hﬂoﬁnsﬁﬁkﬁﬁtléd fort ual %&r@‘os@om&%&u@e
other netals characterl sed ﬁe use of the said alloys. preferred group
of alloys are thesey aﬁﬁtQﬂghhflaaﬁkﬂb~Qbéeﬁhaﬁﬂlmhanahheystbha@ are age
hayrdened by precipitation of a ganma-prinme phase and neet the strength
requi rement. Theconsenpiehellgduskliogniaso seemed likely to have lnferlor

-2- inposed by the high pre’ss‘ures, It is not possible to pre-heat to U

;ﬁ : ' wear resistance, are not only satlsfactory for the
purpose but. can considerably out-perform the conventionél
steels.

- In accordance with the invention, éppara;us for
‘continuous £riction—aétuated extrusion is characterised
by tooliﬂg-made at least in part from aged nickel-

| chromium baée alloy with a yield strength of at least
1060 MN/ﬁ:.at 20?C.(at-0.2% offset) and which is H
capable of sustaining an adherent oxide film.

Preferably the alloy is cold-worked priof to -

'agiﬁg'tb give a yield stfength_(after cold-working and
aging) of at 'least 1500 and preferably 1600 Mx\.T/m2 at
20°C (at 0.2% offset).

The invehtiqn includes a process of f:iction-
aéﬁuated.extrusion ofucoppef or'dther metals
characterised by the use of the said alloys.
| A preferred group of alloys are those.
austenitic.nickel-chromiumriron ailoYs that are agé-a,'
hardened by precipitation of a gamma-prime phase and meet
the strength requirement. The most preferred alloy has
the composition Nickel 49-55%, Chromium 17-21%, NiogwuM

AnDfor TapTalun 475 —5-5%
Molybdenum 2.8-3.3%, Titanium 0.65-1.15%, ‘Aluminium



onposi tion Nickel 49-55% Chromnium 17-21% Ni ogi um AND/ OR TANTALUM.

5. 5% Mol ybdenum 2. 8- 3. 3% Titanium 0.65-1.15% Al um ni um 3

.8% balance lIron agart fromincidental inpurities. For these alloys,:*
e extent of cold work iis, preferably at |east 45% cal cul ated as

" .reduction-in-area prior tio,age hardening. An alloy of this class is

-.commercially avail abl e frow1Hunt|ngdon Al l oys Inc., Huntingdon, West et
Virgi nfa228788, balaace. Gannlm@@rmod#amyﬁnmuﬁanﬁdﬂaimpuknt&&* | nconel as'
"lInconel Alloy 718". O her al l'oys that are consi'dered suitable for use in
perforﬁPﬁgthﬁéelﬁ&éﬁﬁﬁ@nthﬁcﬁﬁd@nﬁhéﬁéQﬂﬂdjwnrhﬁﬂﬁnpﬂnihmahky the trade

- marks Astrolloy, D979, Rene 41, Rene 95 and Unitenp AF2-1DA and Udi nets
720. TRE Fﬁ?éﬁtﬁéﬁ ﬁPFFuﬁétFGrFﬁeFQQﬁﬁﬁ%qaa}nﬂﬁFQ&npﬁﬁo4»@9n#§9 with

referepce.to,the a dragwings in which:- Figure 1 is a fragnentary °
view o EGEBﬁVEhtiéﬂ 28* %nﬁﬁééméiéﬂfukﬁmﬁﬂﬂme e ) shomnng t he. =

oross. Seafinter s R EhguR, H1208, R ., Fhetnddbnn aet 1 F gure 11
S'pgﬁiS‘t’ﬁgﬂﬁﬁéagézrzégﬁ?iswﬁfrr%%“pg?*is%?%%{ahgéi.od“ﬁﬁ‘é”ﬂfée%%ﬁ%c“ve'y’ o
mark Inconel as “Inconel Alloy 718". 5
Other alloys that are considered suitable for | fQ
use in performing the invention include thosé sold or |
described under the trade marks Astrolloy, D-979, Rene
41, Rene 95 and Unitemp AF2-1DA and Udimets 720.

The invention will be further described, by way

6f example, with reference to the accompanying drawings
in which:- |

Figure 1 is a fragmentary view of a.
conventional Conform machine (UK Patent 1370894) showing
the abutment and die in side élevaﬁion and a portion of.
the wheel in cross-section:

Eiguxé 2 is a cross—section on the line II-II
in Figure 1:

Figure 3 and 4 afe views, cﬁrrespondiﬁg to
Figures 1 and 2 fespectively, of apparaﬁus;'in'accordance A
‘with UK Patent Application No. 2069389A:

Figures 5 and 6 are mutually perpendicular
views of the abutment shown in Figures 3 and 4; .

o Figures 7 and 8 aré mutﬁally'perpendicular -

views of a die member; and '

Figures 9 and 10'aré pa:tial'crpéé-sectional-' o

views of a known and an alternative wheel respectiveiy.



Figures 3 and 4; Figures'7 and 8 are mutually perpendlcular views of a
menber; and Figures 9 and 10 are partial cross-sectional views of a kn

and an alternative wheel respectively. 4 I n a conventional Conform

machi ne (Figures 1 and 2) a wheel 1 of +edatively large dianeter is forned
vm,t .a rectangul ar groove 2 that fornms three sides of the extrusiaon
PasSageway 3. The fourth simieaieonvpntidnal Senfemnongchibner (Bigyresshoe 4
(only a small portion of which is shown)., and an abutnent 5. A radial -
extrusion orifice®fid) fovherl il PHikelatieely larverdiameter eiapfgraed

: t onent, .though it mght be inte h either the but nt_ or
fﬁga;ﬁog)con}g\l t erfidth \%I%ﬁ?@%‘%ﬁ)r?f?@@ ngy%'beetf%‘? Tﬁ%ﬁ%nﬂ' Wymfa the
t hrough t he: abut f e d nenber _a
hi ghugtrength rra?gr}.l'ralfésl%\c? ssa e‘?ﬁp% pgi;ﬁ? %%1 %H‘h%Jav? h%tgo?ﬂﬁ%omf an

gmgﬁfu (()Rgf I ;S/ht he ol ea%nce éﬁ%aﬁ?ehﬂsae Pﬁiéy ?‘fgﬁf’ €&[dtlon of

consi-stent with thardmliL dmnal pn S gm%‘gygyé,;@bge tol erance on the wheel
raglius; for exanple in a typical machine with a rectangul ar wheel groove

9.6 nm.wi de by 14 mm deep tder«dRar aaeer Wsorbesyi ses i 4 | o4l sérxﬁ@dnmmaoaﬂé
nm maxi mrum 0. 25 nm Furthernore a scraper
% member 7 (which is preferably a separate component,

Figures--5 arid 6 are nut uéllylperpendi cular views of the abutment’ shown ‘
0 A‘

though it might be integral with either the abutment or

I : the shoe). Alternativelj the die orifice may be formed

tangentially through the abutment itself. The shoe,

- ' abutment and die member are of high—strsngthimaterials

| and are held in position by heavy—duty support members
(not shown), and coollng means will ‘usually be prov1ded
Conventlona;ly the clearance x has been set at the
smaliest.value consistent with thermai'expansion and the
ihevitable tolerance oﬂ the - wheel radius:.for example in
a typical machine with a rectaﬁgular wheel groove 2.6 mm

- wide by 14 mm deep the clearance has been specified as

" minimum 0.05 mm,_maximﬁm 0.25 mm. Furthermore a scraper

8 has been provided ts strip from ths:wheel any metal
g . flash that'emerged through this small qlearsnce-SO that
it could not be cafried around the wheel to re-enter the
wsrking passageway.

In the machine shown in Pigures 3 and 4, the
‘clearance y (Figure 3) is substéntially greater than that
reéuired to provide mere working clearance; it will not

normally be less than 1 mm at the closest point. In the



t qu'h this small clearance so that it could not be carried around the
t¥)re-enter the working passageway. In the nmachine shown-in Figures 3

and 4, the clearance y (Figure_.3) is substantially greater than that

~requiref.to provide nmere morRiﬁg'clearance; it will not normally be |ess

“th ol os. | formoof :Figures 3-8, the abutmeng
180 iR 0e G209 5 la POURE ablehlfe 11 PETLORAELEULTRLSAR, | 1E BOULTRY

pr ef erg%ecivapx%e ﬁﬁiaé N Ege Eﬁgggﬁe%ﬁgég ﬁgnbggg)t Rgedver age spacing

across tl _ abutment 'I's aroun The result is that a
subst giyid fdr PP POl éd PN @ ¥ NEs MBh ath&XEanges1| Bregoh mmeapliegdhance between

iKZEiDbeen.provided to strip fromthe wheel any metal’ flash that énerged

the abutment 11 and the wheel 1 in the formof a layer 12. which adheres to

t he Wipadradel siddimgyescoogsnthe twidtlicofnthe abatienki Ag passageway 3 in
due course. As best seen in Figure 5 the curved surface 13 of the abutnent
i's taparoathd 8 &7 Immgi t Thie neésuyllteisi that oansubstantialarea of contact with
the nmetal being worked,- consistent with adequate strength. A taper angle

of twprapdrhioniceff cthe iRetadhsextredesuthuphgh rbesideprancei gures 7 and 8,
‘the preferred formof die nenber is a sinpl-e bloek 14 providing a die »

ori f | ketMeentthe, FpNEpent olhednd nthe wWhRelatl i4nethasderp ofckieved by a.

. counterbore 16 qn, the other side to provjde a clearance around the extrUdeq;

produ&@yer-l2wwhich g,heres to the wheel and continues around
it to re—enter the working passagéway,S in due coursé..
As best seen in Figure 5, the curved surface 13
of the-abutment is tapered in a longitudinal diréc;ion to
minimise it area of contact with the metal being worked,
consistent with_adequate_strength. A taper angle of two
to four degrees is considered suitable.
| . As shown in Figures 7 and 8, the preferred form
of die membef is a simple blbck 14 providing a die -
orifice 15 (thch may be formed in an_annﬁlar_die
insert), relieved by a counterbore 16 on the.other side
to provide a c;e;rance.argund the extruded product.
| Two forms of wheel 1 are shown in Figures 9
and 10. Ig the'knpwn arrangement shown in FiQure 9 the-
wheel ccmprises_two.outgr sections 17 and an inner ) \
section 18 which between them define the extrusion
passageway 3. Cooling channels 19 run through the
sections_l?_and 18, and O-rings 20 form a seal where_thé
sectiqns meet. In the alternative-arrangement shown.in_
Figure 10 6whéeh1&s—the-subjeet—of—our;sritfsﬁ—Patent
ﬁpp%ieeeéen—ﬂev—sgvvr—r) the side walls of the passageway -
are defined by members 21 which has the advantage of



Two forns of wheel 1 aré shown in Figures é'and 10  In the known
arr-angement shown in Figure 9 the- .wheel .conprises two outer sections

and an inner-section 18 which between them define the extrusion passag

‘3. - Cooling channels 19 run through the sections 17 and 18, and O-ri.ng
form a seal where the sections neet. < the alternative arrangenent shown
i _Figure 10 the side walls qof the passageme%hare defined by nenbers 21
WhiTh ‘has the adPamMdadOTsr e3sily. TRHLAFSH ML NI r SRR B Horn, can
be made of different material t.o.the her .sections ,of the eel . and

al f ows t her mal gﬂ-&%ﬁ&e i %ﬁﬁo‘a& gﬁes T (ReTtRns B&ﬁg’r% el ol
‘2D Conf or m maghisne, S i hcock Wre Equi t__Li.m had a
9.5 mMm wi de groo%\?“ei %&&%gﬁu%%r#“%g'f e%fsg'r&h‘q slﬁ)vt\:m%q (r]'r’ | gusPersa ealln}q?n Thi s

model of ' Conf or gachi ne was designed for extrusion of aluminiumand is
reported to have operated satisfactorily in that role. Wen the nmachi ne was

fed wi.th particul ate coppg&ﬁ#?mgﬁ;ical conductivity grade, in the form of
chopped wire, average par about 3 mm) .at anbient tenperature to

forma single wire 2 nmi A thoa@t e ' heoifford n=RMiinesd do0 figfidied®Xdy Usi on

(as | gabcock Wire Egquipment Limited, had a 2.5 mm wide groove

'%é | and abutment of the form shown in Figurgs 1 and 2. This

. model of Conform maéhine was designed for extrusion of _
aluminiﬁm and is :epérted to have operated satisfactorily
in that.role.

When the machine was fed withiﬁarticulate.
copper (electrical conductivity grade, in the_fo:m'ofl_
chopped wire, avérage"particie size about 3 mm) at
ambienﬁ tempéfature to form a single &ire 2 mm in
diameter.the-éffoft:required'to'effect-éxtrusion (agl
measﬁred by the torque applied to maintain a wheel speed
of about 5 rpm) fluctuated wildly in the region of

| 31-37‘kNm._ Out bf'twehty—two'shbrt experimental runs,
thirteen were terminated by stalling of the motor or-

other breakdown within 2 minutes: the remainder were

stopped after about ten minutes due to infeed

)
4,

limitationé. After modifying the abutment to the shape
shown in Figures 4. 3-and 4 the extrusion effort. was
stabilised at about 26 kNm and a continuou§ run of ;_hour
(limited'by the capacity of the take-up equipment) was :

readily achieved.

JORp - - - . S



sured by the torque applied to maintain a wheel speed of about 5 rpm
f uated wWildly in the region of 31-37 kSm Qut of twenty-two short
rimental runs, thirteen were termnated by stalling of the notor or
ojfer breakdown within 2 minutes; the renminder were stopped after ‘about
.-.ten mnutes due to infeed |imTations. After. nodifying the abutnent to the
shape shown in Figures 3 and 4 the extrusion effort.was stabilised at aboiy

26 kNm and- a corBxample 2un of 1 hour (linited by the capacity of the o
- take-up equi pnent) was readily achieyed. =7 anyﬁg 2: ., Q 30 nm square

bar of Inconel & 13 ™gsAVREP Pae ?SIF%ﬁ?ﬂﬁlcaﬁgggi n ¥pERitication:

Ni ckel (plus. any, cobalt Qi um

e s 50:5 '
17- 21 Stk Qﬁ;%ﬁ@g?%ﬁ?é?%n?pe°1§?7§?éqg’Nblybdenum'

2.8-3.3 Titanium, e 0. 65-1. 15 ALHgEI ni um
0.2-0.8 Cobalt Mickel (plus any cobalt) = 2~ cg‘rs\lbg?

A‘:__'

under 0.08 Mang Smi um : under. §73%3Si | icon
under 0. 35 Phosphorus under 0.015 Boron
under 0.006 Niobium (plus any tantalum)  4.75-5.5 )
Molybdenum . 2.8-3.3 |
Titanium : ' 0.65-1;15
Aluminium - . . 0.2-0.8
Cobalt : _ under_l
Carbon . _ under 0.08
Manganese : 7 under 0.35
Silicon o  under 0.35
Phosphorus : " under 0.015
Boron | under 0.006.
- copper : under 0.3

- Iron and other

incidental impurities : balance
was hot-forged to bar nominally 17 mm square. It was
then coid-rolled to 12.5 mm square.

The p:gpared bar was cut and grouﬁd to form the -
abutment (11) and. cut, ground and drilled to form the die “;
member (14) both for a friction-actuated extrusion |
machine of the form shown in Figufes_S'to 8 and .of the

' same size as Example 1. The entry to the die orifice
(15) was shaped by cold forging (using a 50 tonne press)
to obtain a work-hardened bell mouth. The abutment and
die member were age hardened at 720°C for 18 hours.

After this treatment, the tooling had a yield strength of



Copper - ' : -~ under 0.3 lron and ot her incidental

i mpurities ~ bal ance ‘was hot-forged to bar nominally 17 nm
square. It was then cold-rolled to 12.5 square. The prepared bar was
cut and ground to formthe abutment (11) and cut, ground and drilled to
formthe di.e menber (14) both for a fric8i ent actuated ext rusi on machi ne of
ttﬁﬂﬁtwrnshomn in Figures 3 top8 and . of t he ‘sane size as Exanple 1. The .
entry to the d|e??ﬁ?$|%%p?ﬁgfmmastsﬁngdaﬁ§ baddar shijnngenacinygsacoatingne
press) to obtain a work: harfened bel | nput #. THe_abutnent and di e nenber

wer e age har denetPRE+ FERRg ?ﬁgiﬁyh%ﬁr%lcﬁf}er%ﬁ?swhiﬁﬁtﬁﬁﬁ?edthe t ool i ng

had l d h. of 500 ERR h
tgnaglghg COZ:rn (#?R?% O§?ﬁ%¥? %@y%?%ﬁgpaﬁagﬁén&h gﬁgﬂgegg was

spont aneously d g?i dpgs 4 ockyel
C conpared mﬁthqﬁﬁggdéé; ?f%g¢ e é?é% gﬁp$§v§%3ﬁ$° S%ﬁ éTE 163 the
tool'i ng extrudedsGad 08 r§§é§qogéﬁy %aaneter copper wire before the

di amet er changed by 1%  The di€ orifice was then re-ground to 2.65 nmm and

a.further 6 tonnes of wirerwisttsblingCeRtOidedds HRnEE ol i 5CRmASahBeE

machi ned out and a ceranmic insert d|e fitted, and further 2.5 nm copper
Wi re was extrudesbppiérewiie e fors Iih@ediEdebeEOdSRaﬁ@ddlybnyI%l. NOThe die

sizgni fi cant wear on other surfaces was apparent and the orifice was plugged
and t he orifice was then re~ground to 2.65 mm and a further 6
tonnes of wire of that size produced. The die orifice was
then machlned out and a ceramic insert die fitted, and
further 2. 5 mm copper wire was extruded. When the die
orifice had become badly worn no_significaht wear én other'
. surfaces was'apparenﬁ and the orifice was plugged and the
"die member-formé¢ with a new die orifice at the other end,
fitted the opposite way round and re-uéed.
By using wheelé as shown in Figures 9 ‘and 10, in
which the material of the parts of the wheel which define
the_extrusion passageway is the same alloy furthér

improvements in performance have also been obtained.



CON

/di'e menber- formed with a new die orifice at the other end, fitted the
{ opposi.te way round and re-used. By using mheeLs—as—shﬁmﬁ”Tﬁ—ﬁrﬁﬁres 9 and

i 10’A1 which the material of the parts of the t he ;
F ubi on passageway is the s al | oy furthermiﬁﬁ “ﬂﬂ‘%ﬂ erf er mance
* “Wav¥ Jal so been obt ai ned. TLAITE 1. USL ot cont'i nuous . .
: _ ion-actuat%ggéékgrsion characterised by tooling nmade at |east in parte
- from aged ni ckel i um base alloy with a yield strength of at least 10

i [ER%&%MW%&% CEL L GoRai T st an

- adhereént oxide or continuou ri-ction-actuated

o extru a5k Fnf a col d-wor ked

and aggﬁﬁwﬁnﬁﬁthﬁ?%n1u&?%ase al | oy. w ﬂﬁ%q%§%§g?% %??gﬁg%% ?ggFer col dwor k _

and agire dfedinilcaani-cixiiniid R¥d a1oFRAtKas Pigbaoffset) and which is
capabl e of sustaining an adherent oxide film 3. Apparatus for
cont i Btehgth Gf @t Adast ADEXMNANDRE20 &Ct fat sed29y tool i ng made at
| east in part froma col d-worked and aged ni ckel -chrom um base alloy with a
yi el d cfifisetgt lrndfvwidick dal capadbledofigsuspaining amaadhdtéft MV [ ERR] at
[ERR] (at 0.2%offset) and which is capable of sustaining an adherent oxide ;
film okide film.Apparatus as clained in any one of Clains 1 to 3 in mhlch

the alloy is an austenitic nickel-chrom unm :
2. ~ Apparatus for continuous frlctlon-actuated ‘ S 5

extrusion characterised by tooling made at 1east in part
from a cold-worked and aged nickel-éhromium base alloy
with a yield strength (after cbldwork and aging) of at
least 1500 MN/m? at 20°C (at 0.2% offset) and which is
capable of sustaining an adhefent oxide-film.

'5. - Apparatus for.continuous friction-actuated
extrusion characte:ised by tooling made at least in part
from a cold-worked and aged nickel-chromium base_alloy
with a yield strength (after cold work and aging) of at
least 1600 MN/m? at 20°C (at 0.2% offset) and which is
caﬁable of sustainiqé an adherent oxide film.

4. _ Apparatus as claimed in any one of Claims 1

to 3 in which the alloy is an austenitic nickel-chromium- . - &

iron alloy age hardened by precipitation of a gammé%prime-

phase..

5. ; Apéaratus as claimed in Claim 4 in which the
austenitic alloy has the composition Nickel 49-55%,
Chromium 17-21%, Niobium and/or Tantalum 4.75-5.5%,
Molybdenum 2.8_-3_.3'%,. Titanium 0.65~1.15%, Aluminium
0.2-0,0,8%,hbalance Iron apart from incidental

impurities.



iron al'f oy ége har dened by preécipitation of a gamma-prinme phase. 5.
Apparatus as clained.in daim4 in which the austenitic alloy has the

conpositi-on Nitkel 49-55% Chrom um 17-21% Ni oqummu""”mulmgm
4.75-5.5% Ml ybdenum 2. 8-3.3% " Titani um 0. 65-1. | Hi ! - 0. 7
0-6

bal ance lron apart fromincidental inpuriaies. . * f 6" * A et hod
of\copntinuous friction-actuated extrusion characterised by the use of

tooli ng made at @.east in Pamethasinefyabntiirksius Foidtioneactwdted with a
yield strength of at |east 1000 MV[ERR] at [ERR] (at 0.2%offset) and

whi ch i s capabl @XTusaieomarpaherdidifd o i dsg i9fntopling made\ afet hod
of- continuous friction-actuated extrusjon, characterised by the use of

tooling made at Ye&s& i BRFY% F5Wm a9 eI RHESHR KRN EARL WY RATR B HY bR 1n
ba |1 ith i el t t fter- col r [ t | t
1500 W RN sttt e o Jasts bt 2880 G 9 f i g
dh t [ ' . . { f ' |.ct]an- t ed
ext rus; on of coSEETeNls A smich, 18 TR of Y iid A AT ©

part froma col q,-x\g_lgr eﬂlapd aged nickel - chromium base alloy with a.yield
co wor
7.

sterength.(after and aging) of at |east 1500NM[ERR] at. 20C (at
0;296 A method of continuous friction-actuated

¢ extrusion characterised by the use of tooling made at
least in part from a cold-worked and aged nickél-chromium
base alloy wiih a yield strength (after cold work and
aging) of at least 1500 MN/m2 at 20°C (at 0.2% offset)
and which is capable of’suétaining.an adherent

oxide film.

8. ‘A method of continuous friction-actuated
extrusion of copper chéradterised by the use of tooling
made at least in part from a cold-worked and aged nickel-
chromium base alloy with a yield streﬁgth (after cold
work and aging) of at least 1500MN/m® at 20°C (at 0.2%
offse;) and which is capable of éustaining an

adherent oxide film.

9. o A.method as claimed in any one of Claim 6

v ..to 9 in which £he alloy has a yiéld_strehgth ofiat

least 1600 MN/m® at 20°C. | |

10. A method as claimed in any one of Claims 6 to 9
in which the alloy is an austenitic nickel-chromium-iron
alioy age hardened by precipitatién of a gamma-prime
phase. |

11. A method as claimed in Claim 10 in which the

austenitic alloy has the composition Nickel 49-55%,




t) and which i's capabl’e of sustaining an

A dasclairredinanyoneofClaim'6t09| hasa <.
ylelMd Jstrength of at |east 1600 MV [ERR] at [ERR lmwi”m"[uﬂﬁ mt hod as
chNaipéd in-any one of Claims 6 to 9 in which the & enitic .-
“ni CRel -chrom umiron all oy agelbardened by precipitation of a gamma-prime

/, .4

phase. 11. A nethod as clained in Caim 10 in which t he austenitic V
al | oy Faxombumcbipakdt i FhokiumernddorsPantalam dmi7dm5e53219% Ni.obi'um and/ of -
Tantal um 4. 75-5. 5% bdenum 2. 8- 3. 3%, Titani um0.65-1.15% Al um ni um

0. 2-0. Wh‘%d%‘lnan%ea‘r?o% $apaitapipm Pnéqﬁdéntlél%n AFEniesa 12,

par o] ous friction-a at ed .ext.rusion substantially as
descrlé)e%'él h§$ é‘?gﬁﬁﬁet grf’ﬂeaﬁi‘ :% &8 ipgident rlA net hod of conti nuous
o fri ctlon H?%{ggted extrusion substantially as described with reference to

t he '

12. - - Apparatus for continuous friction-actuated
extrusion substantially as described with reference to
the Exampi-e 2'. |

13. A method of continuous friction-actuated
extrusion substantiél.ly as described with réference_ to .

the Example 2.




