2237237 132342 | MPROVEMENTS | N OR RELATI NG TO METHODS AND APPARg/ﬁ(S] FOR THE
CONTI NUOUS FORMATI ON OF AN EXTRUDED PRODUCT. * Thi s rilE§7
relates to the continuous formation, by 5 extrusion of a pro‘pﬁ i n
whi ch constituent elements, normally randomy oriented, are capable pf

al i gnment or ot her or der ed orientation to enhance the strength,

formability or other useful quality of . the extruded product. The
invention applies particularly to the fotmation of extruded products from
conmposite 10 materials conprising a plastics base, for instance

pol ypropyl ene or nylon, .and a fibrous-filler such as glass or carbozr%i 12| bre
or a partiecul ate QW&EL&TING ﬂ'DeMETHODS)rANDeA USceranmi ¢

particles in the .‘.

conpositions are- Qe 8’5? icatlon 15
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cont i nuouss f oamtusean ofoﬂor@%mécf ¥ wsn mrahg%aﬁemum eé]eﬁdefhtst hﬁomhegul ar
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ySi
.orientation. Wm?éﬂﬂ'tfrqs tHEs Ib?%s °? o' Ve | 7 ?Bheprt h%rdcered
formation of orunﬂ:dtuwns tof renhand&ﬁ:hafoptﬁatglta 2ﬁorma$eh1tyr st @thevneusgfall yner

Copol yol of i no0tay V2T of "o nf: E¥rgbBhY Prode: " TR L fiveRREdh ofentigs
ef fects whi chpaet cidaptydocthe ifiormatiamof oextrudedt proguobs, fromocompastidace
where a ngt o ggé-iaﬁg’ P@ﬁ???ﬁe@taeg)fﬁ@@i{{‘%sﬁec o ﬂﬁ@améb?m%@lﬂ@ﬂeﬁep“ or

to expuIS|on nuoué ormati on I On poOSes
probl ens whi cRY dey 1964 m\/@ f bbnswsafibl kerssuch st gtagsoonacddonof ibrees- af f S

pr &duct wi t hi aaatﬁm&féi Bpgurplc ar d?ﬁ&r‘daﬁ?@' ffqn1@a<arrpéﬁ ekdm W Eatamint
Speci fication - Pat ent %I on 6/ 07285

does descri bBary Cr’rEF ho&l“ othe SfRrm s ffar Alade 91i§r' xa'“"b])?tsru Q%on S§4EPwhi ch
the material pameRdtiohssucgassi gosdriibedgh ia fidat dpaemrt sgeich f tdetrion of

cross- SecéonGB-aé]-ciO%Efé]lthrﬂueghinvention also applies, .however, to the
continuous formation of products from homogeneous materials, the
molecular or other structure of which is capable of undergoing
useful physical orientation. The inventions thus appiies, for
example, to the .formation of products from thermoplastic
20 semicrystalline polymer materials which can be _effectiye’ly
oriented, such as homo- or cdpo]yo1efins It also applies to the
removal of unwanted orientation effects which may be produced in
conventional extrusions, for instance where a melt has to be
separated'and then recombined within the die prior to expulsion. Q
25 A process of continuous formation by extrusion poses problems
which do not have to be addressed in the formation of a one-off
product within a closed mould, as described for example in our
Patent Specifitation " GB-A-2170142. Pai:ent PubTication
WO-A-86/07285 ‘does describe a method of, and apparatus for,
30 extrusion in which the material passes in succession through a
.first die part with change of cross-section, and then through a

4



second, die, part. In that publication, however, there is no
teaching.of the key characterising feature of present invention, nanely the
provi'si on and operation within the second die part of synchronisable
di-spl acgnept neans whi ch act upon the material as 5 it travels through
that part®of the die. The invention is defined by the clainms, the content *
of which are to be read as included within the disclosure of this

speci fication. The invention will now be-sescri bed, by way of exanple,
W th reference to the acconpanyi ng di agrammtic 10 drawings, in
whi ch: - VO 9secmdodie part. In that .publication, however, there is™ no

PCr/ GBgQ 000025 +E4 @ hg &fi&eak@%'aai#%?éﬂi%ih@nﬁﬂattuﬁéﬂ@ﬁ presénoninvenpuah the
first and second partsS of an_ exirusion die,as ﬁéhguséon rqﬁfegs; FH?u%e 2
is a section onnaPRlY the Rrovisien, apdgpperafiomithin the second gip part’ of 5
]s\e/cfivo_n OE_ t he kymgbhisdbllg bﬂsd“liagplﬁe’ntlmeﬁigwhecﬁ a(ft gl_pee?:ttie)m;a_chartitiﬁ alsi nﬁ
- in Figure,l; Figur i agr ngi tudi nal section roug
anot her extr si&ﬁ'Hﬁﬁgﬂtﬁﬁﬁ?@ﬁ'%ha#ggrgqggﬁhgﬂg?' section through a die
for 10 ext r udiheginventioki urdefined byothd iclaime, thehcomteant of rehicher se
sections throug he die o { gure i r a 5
oper ati ons of SEE% gtodi%; gre*ngd Fildéurﬁrsc]aqg’ H)%i‘Sa{tgered%iég%g%ﬁ ?ﬁe this
transverse secsperifigstion. The [ tavengiomowiidhoowehe r desaibeds biprdaudfs
of yet furthep,grAss- SFHh ONeredBcd 0K © tHe | ScBoRSENGIRG | Cdfdgramneyiee
section through yet another extrusion die. A conposite  product
conprising '®ol ypawipgsentd® whithied with 20 aligned glass fibres is forned
by continuously feeding feedstock 1, conprising a mxture of polypropyl ene
grqules and the fibres,



fronye ®PsRs 2 to an extruder scréw 3. ‘The screw pl aspCT/GEM/60025 -
pol ypropyl ene, mxes the fibres into the resulting nelt evenly but -

wi th random orientation, and provides the head 25 pressure negessary to
extrude the nelt through a die in tw parts, 4 and 5. In the Ki«#t. die
part 4 the cross-section of thée nelt changes and réduces fromthe ¢ircular
di aneter of the screw housing 6 at thezgnlet end of part 4 to a broad but
shal l ow, rectangle at the outlet end 7730 Throughout its |length, the
cavity of the second part 5 has the sane cross-section as the outlet 7 of

the first part 4. Cyaghno 10usts Sfagrasimbic lngvelivii Cleckach | Bkrdughui d

flows between a _coniyoll ed-tenperature squrce and a drain

enbedded into tﬁée SH"J& ard %ﬂrpgﬂpep?ﬁ’rst a8 ?hﬁ“sg%ﬂ1ﬁuﬁ533x{rtﬁéﬂal lel to
the extrusion aprécelisand cl ose to the die surfaces WO 90/ 08024

PCT/ GB90/ 00025 12 hat ef i ne t he | opger i des of the -
rectangul ar cross-s ok, 2 fs I%sﬁfgcﬂ"i en the, ?P%e IHR@ 3"t Blevrei hport ant t hat
ducts 8®#%and 8b ar e Figuee@etls ian spetidnl oh thet Wewn I3D401deid Fipdrénai n 10, and

not in series, so ttﬁhwtpgyi?&ersgcmneghla{heagg?ee\igggﬁ%oiggﬁlggpg ef f ect

upon the extrudate. rangemnent h series d'te t he duct

cl osest to source 9 Figueser tist Rediparammatioolonghtudihattsectdon ptiooughng a

| opsi ded cool i nQn@fﬁﬁngtrus%PmeE he surfaces 13 of the die cavity that
define the opposite and shaorter sides of the section, electrical heating
el enents 14, 10 cdriguce e@ t bs a 3coRiiiasousecdion Jdrevghisaal die nfoe with
inset plyggs 16 easfudiagMafbewi th a cylindrical bore 17 which opens directly

into the cavity 18 art 5. _Figure 1 sho f.Qur such plugs 16 | ocated -i-n
axi al succession al 3{1386?1% ur'f°acg¥13ar(ﬁ ﬁéﬁgmaﬁcantfa&ﬁb&f@r fectionscat edus/

simlarly .on thehogughsithe atiefeteFidure 6alkindg i¢lgetrate &l kequenlesbpns 20 -
W ihin the boreoPaEAtigRl FIsIRE AR R0 56°20 0101 "and co-or di nate the
operation Figures 12 to 15 are schematic transverse sections
15 i1lustrating the extrusion of products of yet further
cross-sections, and
Figure 16 1s a schematic transverse section through yet
another extrusion die.
A composite product 'comprising polypropylene filled with
20 aligned glass fibres is formed by continuously feeding feedstock
1, comprising a mixture of polypropylene granules and the fibres,
from a hopper 2 to an extruder screw 3. The screw plasticises
the polypropylene, mixes the fibres into the resulting melt -
evenly but with random orientation, and provides the head /
25 pressure necessary to extrude the melt through a die in two
parts, 4 and 5. In the first die part 4 the cross-section of the
melt changes and reduces from the circular diameter of the screw
housing 6 at the inlet end of part 4 to a broad but shallow
rectangle at the outlet end 7.
30 Throughout its length, the cavity of the second part 5 has
the same cross-section as the outlet 7 of the first part 4.
Cooling ducts 8a and 8b, through which cooling liquid flows
between a controlled-temperature source 9 and a drain 10, are
embedded into the structure of die part 5 so that they run
35 parallel to the extrusion axis 11 and close to the die surfaces



of mechani sps 28 to 35. Downstream of the final plugs 16 _and heatin

el ement YA 008024 g ducts 37 are formed in the structure 20PCT4GBAP/OOSE t 5
adj acent the two shorter surfaces 13 of cavity 18, and the final extruded
pr oduct \ENRr ges conti nuously fromthe open end 38 of the cavity 18. As the
extrudate is dri-ven conti nuously down the |l ength of part 5 by the screw 3,
the conbi ned effect upon it of the cooling 25 of the |l onger cavity
surfaces 12 by ducts 8, and the heating oftit he shorter cavity surfaces 13
by elenments 14, is that a "V'-shaped interface 40, substantially constant
as to Its axial location, fornms between the part of the extrudate that is
still a liquid heltthat) definehe thert [amert haxideas ©fl i dibiei edrectafbikar30
"V'-shaped inte e ds ggr bskanti ol

side-to-side w g{%%o?@ﬁg?? 5 P‘Eu?‘sﬁteﬁHegzti Eé 2:‘%%[@ \%4} eﬁ?&?é%ﬁaﬂﬂthe
extrudate remai $tio8eAndqPRCcATR anranged f be cparadlek cbatiweent Sourneytthsands

the bores 17 cogfdianioMindCRo®Nn’ yerded, ¥ tatatiey eXé 4 bqiid LhE QRneS
t hensel ves. Rgﬁgoﬁléatl npfer;r:vians 3;3%36 control thé operating nmechani sns 28

- 35 to synQ,Snro ng e WEPOR) gxtrudate. Arrangement in series would

PCT/ GB90/ 00025 temi ftooeadseorthel dvdtsic1ose O to 26urd 9 B! eRéritnecdpbatipe Of
the pistons (20_- 1%3% tg one side of the die cayjty 18 advances, One, of
50) 17 ¢ff {p

those (23 - 27) r SPAATOMHASaRs 1oPstdedi corling (Rffiecdul A lang
means wi || operthe surfaces rid ofhdheedhancantty 28hat Heflhe tieo dppotitd langi ght

f th I st ' | o] h | St =y 2 ,thdraw ng a
gi st oﬁsplzg ?nz?,gg \}gﬂcg?&%sggofli glgé vgércstz;.ghThgpéﬁt?iﬁ?] oge%@dhﬂ §$ﬁ'&?f&5nﬁs4ed
movenents i ¥ t ocenisekedptas e | eammonl souvesTeofi spaweon 15 hel ternatel Wythaximdet
10 across |1 nerugsy Mt ehch HoRhE, B5tndy TRyt rital o 1T ShECH CoRlS oo
carries ali gnabﬁUeéftéYre‘rﬂtQ ¥he rayity 1&of rAeh F-hoEtgureahsskowsefounosuchg

el ements pass cpnag 16 Ideatedtiar ARFH) 4Act&sy16RSHdnNGnes RARFAEW 13ChHE Qhrktl I St
aligns themin g'hea’g raen%tthgrn #orbr located similarly on the opposite surface,
15 making eight in all. Pistons 20 - 27, controlled by operating
mechanisms 28 - 35, are mounted to reciprocate within the bores
17, and regulating means 36 control and co-ordinate the operation
of mechanisms 28 to 35. Downstream of the final plugs 16 and
heating elements 14 cooling ducts 37 are formed 1n the structure
20 of die part 5 adjacent the two shorter surfaces 13 of cavity 18,
and the final extruded product emerges continuously from the open
end 38 of the cavity 18.
As the extrudate is driven continuously down the length of
part 5 by the screw 3, the combined effect upon 1t of the cooling
25 of the longer cavity surfaces 12 by ducts B8, and the heating of
the shorter cavity surfaces 13 by elements 14, is that a
"V"-shaped interface 40, substantially constant as to its axial
location, forms between the part of the extrudate that is still a
liquid melt (41) and the part (42) that has solidified. This
30 "V"-shaped interface extends across substantially the whole of
the side-to-side width of part 5, but the heating elements 14
ensure that the extrudate remains molten adjacent' the surfaces
13, so that the mouths of the bores 17 confront molten extrﬁdate.
which also extends into the bores themseives. Reguiating means
35 36 control the operating mechanisms 28 - 35 to synchronize the



whi cfy, e travelllng within the- I|qU|d nelt 41 and ﬁ&f m#%s they :
pass over the interface 40, fixes themin that alignnent MA -
solidified part 42. Reference l|a indicates glass flbres allgned:
generally longitudinally within the feedstock 1 as it flows throughthe die
upstream of its exposure to the action of pistons 20-27, and reference |b

- the nore transverse alignnent 20 of such fibres, mﬁthln the solid-42,
after such exposure. A sinple formof €dntrol of t he operating mechani sms
28 - 35 by regulating nmeans 36 has been described, in which the novenents

f t t
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to and ps0 apr erst e )M?cho?f Y p1s€arv§ ta¥e ﬁ'n"iﬁdt'iopetﬁe aqukﬁoﬁo the
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a different 24l rgffrevithdraving éFePfesrﬁogsl %Pmez%énmcsz @néevtqeeyenave been
subj ect ed t qheheffaear ofg sutd fsymtnﬂam@&e&smltgeaqy €8S SGpetafiposd th
appar at us oql¥ as so far escrl bectx1 %53 f that 35, when the

pi stons 20 & o  BOVEMERLS . MPAP i TDE RASIER poﬂ" movement o afsothe

PC/ GB90/ 0002 tfudatel, t dy eddtsplacing nagssésndf n(theOlﬂerlidatﬂr gfwtﬁ‘l(f reppsver Sed
al i gnne t B enextrudate i s containe
behi nd '?he soﬂ)%magﬁes wéﬁlo;b(festh %twg‘? E)%n i ar%- QJe StSRE Fsses 0 q=nmay al so
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could tend to prom)teacur ed trans nment o nts hin the
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which they are travelling within the liquid melt 41 and then, as
15 they pass over the interface 40, fixes them in that alignment
within the solidified part 42. Reference 1a {indicates glass
fibres aligned generally longitudinally within the feedstock 1 as
it flows through the die upstream of 1ts exposure to the action
of pistons 20-27, and reference 1b the more transverse alignment
20 of such fibres, within the solid 42, after such exposure.
A simple form of control of the operating mechanisms 28 - 35
by regulating means 36 has been described, in which the movements
of pistons 20 - 23 are synchronized and those of pistons 24 - 27
are synchronized.1n anti-phase, but other modes of operation of
25 the pistons are of course possible to promote different patterns
of element alignment. For example, if only pistons 20, 22, 25
and 27 operate so that 20 and 22 advance while 25 and 27 retreat,
and then vice versa, the direction of the motion of the displaced
masses of extrudate as they travel to and fro across the width of
30 cavity 18 will be at an angle to the transverse dimension, rather
than along the dimension 1{tself, so promoting a different
alignment of the elements in the solid 42 once they have been
subjected to the shearing and fixing processes already described.
With apparatus only as so far described, there is a risk that
35 when the pistons 20 - 27 move, the resulting forces upon the



t he preferred aight alignnment in a direction at right an %\9

extrusi JHO 42 @gﬁ + To cougteract such a tendency a ngn r et rcgls’@ @0@25 can
be nounted i'n the region of the outlet end 7 of part 4, between the screw 3
and theigg cavity 18. In the enbodi ment of the invention shown in Figure 5
the rel ated nmovenents of the two pistons 20 and 24, closest to the 15 '
extrusion screw 3, fulfil the sanme function as the separate
non-return valve 51 as just descri bed. | eFi gure 5 the extruder screw 3
extrudes the nelt through the first die part 4 by vvay of one of two

Phto the bores TO1ER vAKERRIE, Y oGeaha "85 O8I 48 pPEREE.  CrARSVBEIRS
17 open di rfect I yligmnth@f csa!hél}ftsliﬁiﬂﬂnsetonﬁaettiaﬂs@aﬂﬁe o1 e bﬁﬂfd&telfs t he
novenents of pisto rel a nove n ant i S

Then oni y when EREraIneanopf1 @ Feler REe, 3, aRt B0 ReskY SlhaP S v )
will cavity 18 bbstdnsceanurﬂ'baiayomlw have someceffiect afidtendipgr to texpbe Elnt ry
25 of nor g [ S o]

by their respecb%%'%" %ow%%g? é gg‘se'}sg Pfe)'{;tesntiléng a%&éﬁe\\/}\fgbésegﬁbgév i ch
the melt withi nabhvwasys.land\ gartbauiarhy sbem:\se A&enobtdcteand rtokpromote a
response to thecfafdes t?éﬁ{)\leﬁ‘-gaupﬂrirghﬁe&})’ 'b?C' Qfﬂﬂeﬂttkngwﬂh’?ﬁonfhezomolﬁ&\ 24

- 26. In practlce It ran that the uncoverin el t her of

Sorts 57 Do COPKETUISEWIan ShoWE| SNAMASICANI Yt A PO, L cFNTEl 171 iNstand: Ohs.
so that there ighat pretairréd nsatﬁawgﬁtermgﬁuerftorinbaclaﬁémonaad mearnbwgn of

i cat 5. L@rty*t‘épe”t i s The TPripuntSTIce b o keBRPLFa8 PonrethTce
LSEST 1D U o et ot o 5 it et 0 o
tube, instead op'tﬁ%0§8plﬂ"esgﬂed' gx”{lggé dov 55?3&35?63 of previous
figures. As in Hmuthe émbodimente afr uthed iniyenton esho®npdnsd&dgine way the
channel's 55, 56 ppiQd RvEREMRS U RMPOBRS pistons 20 and 24, closest to the
'15 extrusion screw 3, fulfil the same function as the separate
non-return valve 51 as just described. In Figure 5 the extruder
screw 3 extrudes the melt through the first die part 4 by way of
one of two passages 55, 56. These passages enter directly, by
way of ports 57 and 58, into the bores 17 in which pistons 20 and
20 24 reciprocate. The bores 17 open directly into the cavity 18 of
second die part 5, as before. If the movements of pistons 20, 24
are related so that they move in antiphase, then only when one of
them is fully retracted (as piston 24 is in Figure 5) will cavity
18 be in communication with the screw 3 and so permit the entry
25 of more melt. At all other times the ports 57 and 58 will be
cliosed by their respective pistons 20 and 24, so preventing any
reverse flow which the melt within cavity 18 might otherwise have
been free to make in response to the forces exerted upon it by
reciprocating pistons 20 - 22, 24 - 26. 1In practice it may be
30 arranged that the uncovering of either of ports 57, 58 coincides
with a relaxation of the forces on all the pistons, so that there
is at that time no tendency for back flow, and the minimum of
resistance to the entry of further melt from screw 3. Reference
40 indicates, very approximately, the 1ine of the molten/solid
35 interface as seen in use in this section.



05 i 20, 24 by way of ports 57, 58. The second htehe 'die -
S mgﬂﬂyéﬂﬁﬁxsite structure conprising an outer sectloneég and I.nder core -
61. The tubular die cavity 18a, which the bores 17 of pistons 24 and 20
both enter, is defined between sections 60 and 61. As  bef Or epmeé
reference 40 indicates the interface 10 between the liquid nmelt 41
and the solidified extrudate 42. wnstream of die part 5, a ring 63
formed with cooling channels 64 provideés a cooling effect for the outer
surface 65 of the extrudate that is conparable W th the ef fect provided by
ool ed by

ducts 37 in F|Q%re 1. The n surfac 6% he e date
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i ncl udi ng apassesi shynway’ Oof 7¢hannedsi 66, pisét dmto2@hendopds ofie opposel 17 of
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Fi gure | Gst rat que ce of bperations o ons 0, 70
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even distri Gyl ihed! cdfe 678! | SREDHMUIAPTEF RavP)IABac! ARRM thd! B t he

ci rcunference of the consi stent al |gnmen hose eI enents in a

direction parafRistopy 2‘{}?@ 8Prm EnEfte Soidefi'h’é’ b@ﬁ!ﬁ%’" secieNsscri bi ng
the posntloue and i oms cn‘efbhe Preferefice 40" 1aBfcatesahe’ Intdrfades

Louer o) 41 g fgenc i Tk hen £y W, AR s 4L b0V
t heir strok®swnstrdamref diat portasy. a rhtg/vme_formeﬂt whtIQZtoomﬁ\g?(thlaﬂmpgct i velw
Cheref ore '« 8d BTpIdRR of Galifl, tdeE rob Ehd aterc Sihease, G G Bl L -
within the cmbwaetecthmisfcompaml@owmzbhe effect provided by ducts 37
PCT/ GB90/ 00935Figure 1. The inner surface 66 of the extrudate ts cooled by
15 means of a system including cooling source 9, sink 10, channels
67 and a chamber 68 located at the downstream end of core 61 and
sealed by a core end cap 69.
The diagrammatic sections of Figures 7 to 11 show that
pistons 20 and 24, as shown in Figure 5, belong to a set of four
20 pistons including also pistons 70, 71. Unlike pistons 20 and 24,
the bores 17 of pistons 70, 71 contain no ports connecting them
to the extruder screw 3. Figure 7 to 10 illustrate a sequence of
operations of pistons 24, 20, 70 and 7) to promote, within each
cross-section of the extruded product, an even distribution of
25 alignable fibres or other elements around the circumference of
the tube, and consistent alignment of those elements in a
direction parallel to the circumference of the tube. In
describing the positions and motions of the pistons, "in" and
"{nward" indicate towards the tube axis and “"out" and "outward"
30 away from it.

In Figure 7 pistons 70 and 71 are respectively at the outward
and inward ends of their strokes, and are stationary. However
piston 24 and 20 respectively move to the inward and outward ends
of their strokes. These motions therefore tend to align the

35 fibres or other elements of the melt, within the cross-section of



t he tube contalnlng t he four plstons to follow the two broken |ines 72

73.. As WQP08024 and 20 reach the end of their novement, p8RI/GR 9’90025
uncovéred, so admtting a further charge of nmelt fromscrew 3 into cavity
18a. Wergpistons 70 and 71 to 05 remai n stationary, and pistons 20 and
24 now to nove tn the reverse direction, the notion of fibres down |ines -
72 and 73 woul d reverse. If this sinple reversal = were then
repeated, circunferential alignment of el ergnts woul d undoubtably be

achi eved, but wth obvi ous weaknesses down the circunference of 10 t he
extruded tube at points corresponding to 74 and 75. To count eract

t hi ts tgz mtoverremes tmbethmfaaningr ehes UERC A sltdns , thﬁsﬁoffoflm[ @w8 broki Cp
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cover port 58, and pistons 70, /1 pove res ectlvelqooutwar s and

i nwards, so that a?'ﬁ@"ﬂ’br'&t df‘ltbn"w{"wsl wReknesges gdown, th 82“8‘3"“585%‘?\% tafe
poi nts of WeRKnesgfe aemrmdeir heubet @0d et rfs easrr@fspcsmngortal gi4e £IgUEICE TioS

h I f th | | pi
hoverents. but ¢ Eoarteract it R thes RoyémBaf GEFT0len  aBF ) espbind B those
ci rcunference of ofhéign:‘det BWM th’O:h pis¢onf Récistaysmt stil 1t hpistoml 26 ohovks
Lube, there s noncaRsi ShEp! s8Xedt Lgn@ookowgm 57, ACenk B kO ! oo
no ed

stage shown in Fi gure hé” sequence of venen ' e€pea
by begi nning agaphstansF7guard 7 wve respe b{aﬂa to thﬁovtsmarfa.mt mterfendcsh
stage that npy bgragilad sProkes. The elements now tend to align with lines 80
and 81, and 82 and 83 become the potential points of weakness.

In stage three of the sequence, shown in Figure 9, pistons 70, 71

do not move but pistons 20, 24 move respectively inwards and

outwards, with piston 24 uncovering port 58 at the end of i{ts

20 stroke. The elements now tend to align with lines 84 and 85, and

74 and 75 become the potential weak points once more. In the

fourth and final stage of the sequence shown in Figure 10, piston

W 20 does not move, piston 24 moves inwards only so far as to cover
port 58, and pistons 70, 71 move respectively outwards and
25 inwards, so that the fibres align with 1ines 90, 91 and 82, B3
become the points of weakness again. The intended effect of the
complete sequence 1s to promote the circular alignment. of the
elements duﬂng all piston movements, but to shift the points of
weakness continually around the circumference of the melt, with
30 the effect that in the final solid tube, there is no consistent
axial line of weakness. After the fourth stage shown in Figure
10, the sequence of piston movements may be repeated by beginning

again at Figure 7.

35 Figure 11 shows a further, fifth stage that may be added to



VO - :
PCM%%?%&S the sequence, or that can alternatively tl),gulcr?g%lro?ez& once - -

after every predeterm ned nunber of repeats of the sequence of Figures 7 to
10. In Figure 11 pistons 20, 24 and 71 remain in the p03|uuaw§ in
whi ch they dre shown in Figure 10, but piston 70 05 noves inwards to the
I nner end of its stroke (as shown at 78pa). Wth both of ports 57 and 58

cl osed, this nmovenent of piston 70 has the effect of causing the nelt
pressure to rise, with the objective of using this pressure rise to expel a

S hon 0 'the seddedct ) °Br CYRdY AAE attelda BN H tH38rted il BP0 O

exerted 10
el ement ali Qﬁﬁéhtpfeﬂstﬂféﬂ ned MGT noft rrespeatnstqfnctbetsempee efhd tguresshed

tube fromthe @ Go. UIh Ghobbe Pi Shefonsorol N BHEP9ICrehifi il fe M€l VI NG

upon the extruder screw 3 not'%yst to supply the nel e die but al so
to inpart alPestiions iRy eRich they: pee nﬁ'l‘?"’"ar?@ fégu"%xl'q'ud&tte Pistemsit he

possi bi b5ty mabes eﬂmmg tdahei I @nBoyer | taf stP&ee&hrsUéﬁémﬁ%fte%ﬁC hani sm

It is of co 0 thln e s e nvention to use
convent i onalw %gu&%‘f P rReHE, %Snﬁnga@ geﬁ&'séﬁéﬁamvé&ﬂ‘? of F@Zt?'h 10 gure
?’h ;pr. lhnsiaanthe effdct ofauaesilggr themlmt mneeh suid® to heisZOt ﬁne%tft%?t ' Onf of
e finishe o} a stage in e m ng of a
product of ﬁ’ﬁggﬁ?r?g]n@{ﬁa t@%%té%g,g&%enﬁqusggsm gn SﬂiiPPn@ ﬁ‘earray of
si x pi stons so%idified, extrudateyintfiram cgydtpt 18an offhudhithie ifercmlexetrtdded to
i el d aygrogyct I C h S th e e I Ilgned
|>/n a di rgcth)? og@aﬁ? ?’t’% ?ﬁé*a(;ﬁal | ggo%f ?h"ﬁ'& Eﬁlﬁ:‘oglé sgéct Ieﬁgme .
wi t hout cons‘ﬂé?@!ﬁ"thl m%sbedmga%m meanhﬂn&sbnsataneettmrexmaé Wgtﬁia:léshm‘ theu

section or tﬁaeenfvdnmwt@teof u&ueo?i @ﬁ@ pas%ﬁe%rbkﬁiét&nggeauqrﬁ@g%éﬁ _

operation of p| sf Qns rr%_glla
out, 100 in:°ofoBe H"QQQD%tt e95" e"oi&""Q? ot Just otp supply the "‘F\tgures 13
and 14 are somitherdiei bus aiisoptodinpast of1 Ibaxtsk aioveneratndoVthdiaRad &REti ON

R ey 186 YextPitfate, Sbpéns' e pBsSYoTI €Y df' 'dBOEARY' Bhe OLaded" ana®hbuer O ©F
of the extruder screw mechanism.

It is of course also within the scope of the invention to use
a conventional haul-off mechanism - as'shomn schematically at 92
in Figure 6, for finstance - to cause or .contribute to the

20 extraction of the finished tube from the die.

Figure 12 shows a stage in the forming of a product of hollow
triangular section, and also shows in outline an array of six
pistons 95 - 100, the sequential operation of which is calculated
to yleld a product in which the fibres or other elements are all

25 aligned in a direction parallel to the outline of the triangular
section, and without consistent lines of axtal weakness at either
the vertices of the section or the mid-points of the sides. A
possible such sequence of operation of pistons 95 - 100 might be:
96 in, 100 out; 96 out, 98 in; 98 out, 100 in; 95 1h. 99 out; 95
30 out, 97 in; 97 out, 99 in. Figures 13 and 14 are similar views
of products of box-section and V-shaped section respectively, and
Figure 15 is a similar illustration of the formation of a product
of T-shaped section. 1In the formation of the product of Figure
15, a possible sequence of operation of pistons 101 - 103,
35 calculated to avoid any consistent 1ines of axial weakness within



of T-sh on In the fornatlon of t he product of Fi
pOSSIblSaﬁgaaﬁﬁ%£ of operation of pistons 101 - 103, 35 §Q59ﬁg&§6u@hs
avoi d afy consistent |ines of axial weakness within WO 90/ 08024

PCT/ GBOQQQ025 10. the product, mght be; 101 in, 103 out; 103 in, 102 out;
102 in, Y01 out.- Figure 16 illustrates the application.of the invention to
a process of generally known kind for the trusion of tube. 1In 05

Figure 16, the screw 3 provides the head 6ﬁéssure necessary to -extrude
liquid nelt 41 through the first die part 4 and into t he second,

cylindrical d'e t r n [,.11 I
sﬁplportlad by IsI| pé'agui{i‘zwghge?ée’dqg gdpé g‘f ép@aﬁ% jpga?"gre 8} }n’l >
circunference. 10efogitence 113 i ndicates the 10 tubular formof the
extrudat e, till t h

annurar cl eafalnce beb&vﬁ%nw ﬂg%gr t‘%iytﬁ% ﬁfgﬁ??\?\fegr?‘gﬁ.gl ﬁhﬁlgﬁ\'eﬂﬂc?oﬂ ntc;shae
the extrudate cBrRGessesft generadiyvkpown kigdt fiew Hrmm&trua@aroénct@bet -chol s,
and a pointpg s Fﬁgﬁia at tn@' 5&4# ?%S@ﬁdetso the aba&tmfeseaﬂe bﬁ@&@eérﬁ% d:

15 ref erence I cate astic Interface as fore.
Downst r eam of i Hl‘%”r‘\"acé‘ﬂﬁdt H‘é‘%cﬂll G%‘P‘lﬂ?u&f'e ﬁé'é&ydf%rpaﬁ'énﬁvwd f‘r"é% thee
di e by known nmegggond,S cyHdrater diy beﬂersanWouﬂZtms iARéonall Pldfnghpih t he

product oY, e B amieat, THLoB5 ShBpPHie buC S RaSe T ia R A g BT oL
Figures. Qi ennmtamvlalof afounded tor c btcomferemcet i tReference tNBN ihdicates t the
Do "o oh 300" DTSSR B B, BBl S 3" TH” SR LY, B
logajed in the passimgsthé ategs11i2 di the atiny)ar THeavwnmeabetweeo magirelt hke
Pi stons may, ggq Qﬁf%ﬁer ﬁ4¥e11§%?epa+§q ul Asef:rféa‘\etxtrﬁ’éaﬁcgbﬂ’i'nﬂgs ,f]&orre
ransver se al rgnne her constituen
product inits pgbngenaﬁaoggmh‘Isngm@@r clearance it cools, and a point is
reached at which it ceases to be plastic and becomes solid:
15 reference 40 indicates the solid/plastic interface as before.
Downstream of interface 40 the solid product, ready for removal
from the die by known means, 1s indicated by reference 42 as
before. Cooling of the product may be promoted by cooling ducts
or channels which are not shown in Figure 16, but which may be
20 similar to items 8a, 8b and 37 of previous Figures. Orientation
of fibres or other constituents within the melt is promoted, as
in previous Figures, by the synchronised operation of pistons (of
which 20, 24 are shown) within bores 17, the mouths of which are
located in the inner surface 110 of the die. The operation of
25 these pistons may, as before, have some useful effect of
achieving some transverse alignment of fibres or other
constituents within the product in 1ts tubular and still-molten
state (113) so that that alignment becomes "locked in" to the
final, solid product (42) at the interface 40. In this
30 embodiment of the invention, however, the action of the pistons
has the further and useful effect of destroying any unwanted
orientation of fibres and other constituents, that might
otherwise result within the plastic extrudate due to it first
parting around each of the 1legs 112, and then recombining.
35 HWithout this use of the invention, the final product 42 could be



st at so that that alignnent 'becbrres. "l ocked in" ' pal,. soli-d
or S splobie PC/GHu -

) at the interface 40. In this 30 I ment~.of .t he
i nvention, however, the action of the pistons has the further and useful
effect of destroying any unwanted orientation of fibres and ot
constituents, that mght otherwise result within the plastic extrudate
due to it first parting around each, of the legs 112, and then
reconbi ni ng. 35 W thout this use of\ \the inventi on, the final product 42
coul d be WO 90/ 08024

PCT/ GB90/ 00025 .expect e exhi bit lines; of axi al kness .at intervals

ar ound itseﬁ??‘iﬁfﬁf SPeﬁgb‘fb?Fhinfer?t éfvéf‘ga'co‘ﬁiggb%oﬁ\@ﬁg"FB"‘taHé &p3¥%hg of

l egs 112. The eiricomf@ancadvihet dgéenfalancextaspdedingr aduthe spatdngiofy 05

fibres or ?égfrngl enents aligned transversely by the process of this
hat*

I nvention i it will be stronger in the transverse direction and nore
formabl e, thatThes prdngipaleaadvantageernef amoextrudeds\peoductaxeontaining product
W th pgeno | 4 | ' f

exanpl gé) atr':%e gg&gﬁé'ﬁnﬂshée]?ﬁi%w aﬁgghﬁi%ansygﬁrgeﬁze% a%'ib ﬁtgfg%e&redges
cannot sol ithts yiovantion hdy thate basebld thee strongemantje the t transserseng

el ements cair&@diohy ah el #ocmade Copfat NisM¥bNgay WashNtéd BérdTPgBoy oduct by
confining the stanping to the unbl&r%:sk:ﬁg central area of the product.
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present insepiporof MMlguees at,haa andr &5 r fomfexampte ! haymeggasiiemIshes
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crystal | i ndhpostamping tanthe anblemished |densraharepmfathe producth as

pol yet hyl ene afg-yhel Y Riompyd 118 materials that Jend themselves to the

15 process of the present invention include other fibre-reinforced

thermoplastics, thermosetting materials, and fibre-reinforced

particulate-filled thermoplastics, -the latter category including

in particular ceramic-matrix and metal-matrix compositions

processed with the aid of polymer binders. Further homogeneous

20 materials jnclude = amorphous thermoplastics such as

polycarbonates, 1iquid crystalline polymers, and semicrystalline
thermoplastics such as polyethylene and polypropylene.



CLAIM5.1. A nmethod for the continuous formation of extrudable material into
an -extruded product, conprising:- extruding the material in the direction
of an’ extrusion 5 axis (11) and with change of cross-section through
a first~qi€ part, and causing the extrudate so produced to nove |engthw se
through a second die part (5) presenting a die cavity (18); characterised -
by subjecting the extrudate to pulsating 10 di spl acenents by at

| east two noveabl e di spl acenent neans (20-27) conmunicating with the second
die part at transversely- separated regi ons of the periphery of the cross
section of said second die part, the nov&lBEME of the displacenent neans

bei ng synchroni sed AS@le'tﬁ@d Y ChE EIntindRANForhMABR CSF VixthudaiRe ma e a
region of the 1 peri anot her such g?ans wi thdraws within a

separated regi oi ntg apy tﬁé’ﬁ?‘f)k?é’??"c*t hEORRTdSIB%enent s having a transverse
conponent of direction ¢gradinge the miderdxlrisithe dxrectidd)of eandewnﬁmﬁl@yi

I nduci ng a venent_ of nater | th a transverse, co nen .
direction refative a?‘i ?J]ﬁ’ ﬂgka\l\q'in,gezﬁ cross-sectfonmgpﬁg\ the first

extrudate to soli didig pid), and hin the second die part, and renoving the

extrudate fromthe sec &q'sﬂ'ir?%teﬂ#u%é ? %hd'pgg&?ctehoqro %nov@‘ rﬁ%‘ﬁ%i

according to Claim1l charac rsed Tht cavity $&€cond
die part presentdhroggh 8 secopy, diaanurt t(5e mespnnhmmndimﬁawttmmw t hin

chambers | eadi N9 Olchat§HErt SPC pY Slbjetting' ¢RB! Nafhr se&rohwg ulSatifgai m
1 characterised, in SolTaificatlon o e extrudate is onot ed "by
appl yi ng pol ti dtspigcemends| byt deaste ter ‘(%bﬂ)? qiﬁ@‘WﬂHdﬁ@"ﬁy(WQf
cool i ng nedi um éé:ﬁmnmeam@owth ¢ne! séuamduefes p@@a a@&}am»tebwl yh%epsmreé di e

Do i cat i on BASIORS<EF o S9ptPheRy o thacErofs SRECISN Prostld second die
part, the movements of the displacement means being synchronised
so that as one such means advances within one such region of the

15 periphery another such means withdraws within a separated region
of the periphery, the displacements having a transverse component
of direction relative to the extrusion axis (11), and thereby
inducing a movement of the material with a transverse component
of direction relative to said drawing axis;

20 causing the extrudate to solidify (40) within the second

die parf. and
removing the extrudate from the second die part after
solidification.
\ 2. A method according to Claim 1 characterised in that the

25 cavity of the second die part presents walls (13), and the
displacement means work within chambers leading off from these
walls. \

3. A method according to Claim 1 characterised in that
solidification of the extrudate is promoted by applying positive

30 cooling to the surface of the extrudate by way of cooling medium
flowing through cooling ducts (8a, 8b) within the second die part.
4. A method according to Claim 1 Y i i
solidification of those parts of the surface of the extrudate

—————

RO



13. passing close to the displacenent neans is del ayed, relative'to the
solidification of the remainder of the extrudate surface. 5. A method
according to Caim4 characterised in that heating is applied (14) to,those
parts of the surface of the extrudate 5 passing close to the di splaseent
means. 6. A nethod according to Claim1 characterised in that the material
passes through a non-return valve (51), hefore being subjected to the

pul sating displacenents, to preventl hose di spl acenents causi ng back

flow of mat E’iésqhg'l‘:‘i&gt% tthé S&is‘ﬁ'l?cé'n@nt H@iﬁs IE d@‘liﬁdm%?&ﬁ%dwg to

Claim6, characterise east one di'spl’acenent neans (20,
24) serves Hi%&§ohtdif] ﬂSaW(SW P@tﬁﬁ‘ﬁnrmiﬂéer oF t')ﬁ ﬁé?%tea%l&fﬁﬂ?ng to Claim
1 character§sed methddalccotdihgl®o CRadn ud hol ltaut Whedtiwgewed in

transverse ectl sents_ an ouyter | phe mhlch t he
di recti onal ﬂiﬁ‘? ?‘7@ %?3%@# naris gaf @lff fX’éﬁL)° ofthFhéxt’!}ldéFF al isin
a directs onpasasbagaaitolsel to/ thardiisbddcement ganeut er periphery of the
transverse ec cgor ai,m acterised
in that éﬁ‘?’&&é& aﬁggrdang%ggﬂglﬂﬁ ﬁ M&Fﬂf&eﬂ%ﬁ#a% Cerse
secti on. 10ma1;errlm‘t hpdsmcotmugh Chainongretiunnaviadve s€81) nbefoxre tbedngxtr udat e
has a circu t har % e I on.

11. A tho%jﬁggg({)erdél rhf.8 tgﬁgd %qnﬁa\rlﬁgple#egﬁgﬁgl 'n tth aﬂ%\ggﬁl v@%g%ol [ ng | S
appl i ed (68dimlycem9n$§t ﬁamagoaa@& Blow ofic mieial doto sthe atlastofliehe

hol | ow gyxtr te. 12. A nethod accordlng to Claim 8 characterised in
t hat di spl ement s are pr edet er m ned novenment of 30

set . U
di spl acenen - mBafethodcaccarding o Fi%@'l 6, m&%@ﬁ&ﬂe@-@ﬂpﬁ r18ast egi ons,
and i n whi cone hef pragetdspl ARile DY AERTY S(2MANZE) | Rerves also as the v/

non-return valve.
8. A method according to Claim 1 characterised in that the
15 extrudate (42) is hollow when viewed in transverse section and
presents an outer periphery (65), and in which the directional
movement (72, 73; 80, 81; 84, 85; 90, 91) of the material is in a
direction substantially parallel to that outer periphery of the
transverse section.
20 9. A method according to Claim 8 characterised in that the
extrudate has a polygonal shape when viewed in transverse section.
10. A method according Claim 8 characterised in that the
extrudate has a circular or other curved shape when viewed in
transverse section. W/
25 11. A method according to Claim 8 characterised in that positive
cooling is applied (68, 64) to both the outer and the inner (66)
surfaces of the hollow extrudate.
12. A method according to Claim 8 characterised in _that
displacements are set up by predetermined movement of
30 displacement means located at at least three separated peripheral
regions, and in which the predetermined movements change in
pattern repeatedly to promote peripherally even and uniform
directional movements of the material.
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pattern repeatedly to pronote peripherally even and uniform directional
novenents of the material. 14. 13. A nethod according to Claiml
characterised in that force exerted by at |east sone of the noveable

di spl acegant means (70) contributes not only to the said directional
movenent of the material, but also to renoving the extrudate fromthe
second die 5 part after solidification. 14. A nmethod according to Claim
1 characterised in that the extrudate ig$wl-shaped in transverse section.

15. A nethod coy di to d c ract er i sed hat t he
extrudate is V- Zﬁag&d"&ﬂoer%?@éegl g;‘h E M—F@—ﬁ%&!——&e—é@%'?@‘ceto
d alkm 1 char iac'eunteddbylmtt]hatt $ome dfsﬂiéimwﬁlerfﬂamla@?ﬁen? e @NS ((ﬂ)g 27)
working in cyli vi ty. of the sec i e
part (5). 17. Aegnﬁﬁhgg%%%c@m g"t°c| em%@h@ﬁ&%‘r@?ﬂ‘ébdmﬁe“{eﬁit of h&h
extrudate (42) Ratenipd, cbuts§15@cto Gﬁwvﬁlga;bbeoéxiamdeteorfgamethewecondacdiangl e

having long agght S in which the displacenent neans
confront the shgrt Zal gée‘ts sg?'i{ljﬁcair: ectangul ar section. 18. A nethod

accordi ng to C AtmhA methodcreeordingi tor Haimhd neharacterisedt Anndhat the

constituents (I aitﬁmseentsl bLﬁnabeda#d EPamVer9é s?efetiorpt her ordered
orientation, anﬂ% ge lge%hg ti ng?ﬁ‘hs pl acenent's o t he novi ng di spl acenent
u

means (20- 27) ulde 89; & liadm (I psharacterdsad cJnsithatiethe by

the operation oéxtrudaterisny-stapedin tPossdsebtiond according to Caim 18 for
corpr st ng 10 pi 16 POoma0d BREGF ARG H0: Flaife 1 GiArEesed i haE e of
glass fibres, odisplatements means aireepistomsgé2®e7aworicings in 26y11Adery ad)
07100 L v Sk SHER Y BETHAP BRI Pt o o
constituents ar &/ cdpamdthodf ageasfding to Claim 1 characterised in that the
extrudate (42) has the cross-sectional shape of an elongated
15 rectangle having lorig and short sides, and 1in which the
displacement means confront the short sides of that rectangular
section.
18. A method according to Claim 1 characterised in thgt the
material contains constituents (la) susceptible to alignment or
20 other ordered orientation, and the pulsating displacements of the
moving displacement means (20-27) induce a resultant orientation
(1b) of those constituents by the operation of a shearing action.
_ 19. A method according to Claim 18 for continuously forming an
U extruded product from a composite material comprising a plastics
25 base and alignable constituents in the form of glass fibres,
other fibres and other elongated particles.
20. A method according to Claim 18 for continuously forming an
extruded product from an homogeneous material in which molecular
formations or other structural constituents are capable of useful
30 physical alignment. '
21. A method according to Claim 1 characterised in that a
solid/melt interface (40) is generated within the extrudate when
within the second die part, and the melt (41) is subjected to the
synchronised movements of the displacement means in the
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30 physi cal alignnent. 21. A nethod accordlng to Caim1l characterised |n.
that a solid/nelt interface (40) is generated within the extrudate when . :
within the second die part, and the nelt (41) is subjected to the .
synchroni sed. novenents of the displacenment neans in the Toadetinity
of that interface. 22. A nethod according to Caim-1 characterised in that
obstacles (112) are present within at e§§t one of the first and second die.
parts, requiring the extrudate to diV|de and then reconbine to 5 avoi d
such obst aclvésinitiyl ef theti inferfiaeceugh.the die, and in that the novenent of

the | effectl: oaeched AccoOMPEEAEIAR P ciergeCriBal ftiat offEglhes o

the effect renovi ng - unwant ed

that woul d &t h@r \mrgepwseuttwmém ahdeastionenelf dihg FisdnBnei sRgondodie 23,
Appar at us f@&rfshe r@Q04 + THO Uhef @Wﬁida@@ 85 @iiidedaRl e th@t SFdcdhbi Y Oto an

extruded pr.ody Ing. in succession a first

(4) part thlalﬂﬁbcﬁ W‘iﬁcgyﬁmlﬁgt‘éqai 18 pF%“é‘ﬁ'??ﬁE%P&h the, dife @ndedd; B'?Pfof an

extrusi on athe (néb\lémemtt bfcmgmaeértxloasesawngmfrom mewow)ofpafﬁe
t rudat e oduced

presentlng ough whi ch
first gé%ﬁcﬁﬁ s | 3 h %sé n%%fr?§tto°5ror¥8'f'%v 09 i AR |on of
t he mat er i abrigntadion aofs thet bonsttﬂheen;hscchhdt peoutld otteraisertesadt bfrom | east

two noveabl SI el&gl@.ﬁg@ﬁ& TERRRs: '( -27) comunicating with the cavity of

t he second ran sversel separated regions of its 20 Cross
secti on] Oané3b>AnPéE¢1@S( Fer 3the continvous cfarmat tave offvexdmudablermateotad

di spl acenentngpang Sexthed?s pPofict!CEofi8Ind NGRS VhidY rggi on of
t he peri phe of the cross sectdlsmejn ano? rgsﬁg’;h nmeans Wt{?(ﬂﬂg?ﬁbew t%hl na:

]
transver sel 93:%%9&5119@ ed r&BYisn &P t RErhethitighy whikk dthep Brterdal s Travi ng W
transverse eefMMaBNd o tR® dirdictis ofnan @lxdriyont AxfNK1EXtWitH eRarel S-

D e R e [ tob et Fmeehringen oS CHiB)CrT"
15 through which the extrudate produced by first part moves
lengthwise, and means to promote solidification of the material
while it is within the second part, characterised by at least two
moveable displacement means (20-27) communicating with the cavity
of the second die part at transversely-separated regions of its
20 cross section, and by means (28-36) to synchronise the movements
of those displacement means so that as one such means advances
within one region of the periphery of the cross section another
such means withdraws within a transversély-separated region of
‘the periphery, the displacements having a transverse component of
25 direction relative to the extrusion axis.
24. Apparatus according to Claim 23 characterised in that the
displacement means work within chambers (17) leading off from the
wall of the cavity of the second die part.
25. Apparatus according to Claim 23 characterised in that the
30 means to promote solidification of the material while it is
within the second die part include ducts (80, 86) connectable to
a source (9) of cooling fluid.
26. Apparatus according to Claim 24 characterised by means (14,
15) to apply heating to the second die part in the vicinity of
35 the chambers (17) in which the displacement means (20-27) work.
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wal | of the.cavity of the second die part. 25. Apparatus according to C aim
23 .characterised in that the 30 nmeans to pronote solidification of

the 'material while it is within the second die part include ducts (80,
86) conpect able to a source (9) of cooling fluid. 26. Apparatus according
to Claim?24 characterised by neans (14, 15) to apply heating to the second
die part in the vicinity of 35 the chanmbers (17) in which the

di spl acenent neans (20-27) work. 27. Appg@gatus according to Caim 23
characterised by _a non-return val ve %gl& | ocated within the die upstream of

the di spl acement?/medPRATaEds ACEQEHNG: ladml 23 hanackarisedhy 8 vonsgehygrn
backf | ow of mat enailaé (91X eWjcated Wpithi Rath@f dihupsdbedn &F th€Sdi SPRREALMS
according to Caim 27 charé;il_&t Sél sed {,n tgat at | east one of the
di spl acenent medlfdM o0 Prsveld, fhe rasulting displacamends, Fausingy backfdow of
met hod accor di ngnateri@dlaten riegiond upsdtéanl bf the deperi bed with reference to
t he acconpangi ngadr aw 1 arat ys cording t i m23,, -
subst anti al I§ aggde ra’?gg%s ﬁ?%"?g?%ﬁﬁc@ﬁﬁ"t%g %%m&t
least one of the displacement means (20, 24) serves also as the
non-return valve.
29. A method according to Claim 1, substantially as described
with reference to the accompanying drawings.
10 30. Apparatus according to Claim 23, substantially as described
with reference to the accompanying drawings.
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