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l?NETHCD AND APPARATUS FOR MAKI NG A LOUDSPEAKER CONE AND SURROUND ASSEMBLY
DESCRI PTI ON TECHNI CAL FI ELD The i nvention rel ates to | oudspeakers and nore

partigularly to drive units for |oudspeakers. BACKGROUND ARTé%EQF{GEﬂQ@H1§§.
make the cones of |oudspeakers frommaterials such as paper, stics and

met al sheet, although increasingly the choseh material is a pl astics

meteri al such gergl M APKAGKDSSFAE RAKING ATBOGISPRAKEE CORE Sl SERASND' ASSEMBDY

for this parti peaker cones are nornally provi

peri pher al Susﬁﬁﬂ§$gfp§?oﬁhe formof a corrugated nmenber of flexible rubber

or other el ast ial and which is sonetines known as a rol
surround or sinply as a surroun&uﬂﬁﬂ$%§gglgig%by such el astoneric
suspensi ons are conpression noul ded fromtnernosettl ng el astoneric
materials and are sepyéedihQehtoftt ¥drlted 186 CIBAQYPAKE: 2ighd®f fRbre

adhesive. This requires skilled hand assembly to ensure concentricity and a
reliable bond aktichlaslgl ew apdvexpwitis/€or Idudspedkess.assenbly is

however usually justified by the inproved acoustic performance which

results fromthe provision of a conpl BACKGROMNINARI for the cone. It is a

general object of the invention to provide a | oudspeaker cone and

suspensi on or surr oukl QSSQHBNQIWDbcmak§1thenm@maﬁFmﬁuﬂouﬁspaakkﬁswfhamd

ASSemblY 80 N tari1s Sch a8 paper, plastics and metal sheet, although
increasingly the chosen material is a plastics material

— such as polypropyléhe since this material 'has good

characteristics for this particular use.

Speaker cones are normélly provided with a peripheral
suspension in the form of a corrugated member of flexible
rubber or othef elastomeric material and which is sometimes
known as a roll surround or siﬁply as a surround.
Conventionally such elastpme:éc_suspensions are_compressiéh
moulded from.thermoéetting elastomeric materiéls and are
secured to thé ﬁaterial of the cone with the aid of an

U adhesive. This requifes skilled hand assembly to ensure
' concentricity and a reliable bond and is thus slow and
expensive. This form of assemhly 'is however usually
justified by the improved acoustic performance which
results from the provision of a compliant suspenéion for

-the cone. _

It is a general object of the invention to provide a
loudspeaker cone and:éuspension or surround assembly which

can be made without the need for hand assembly so that

variations in manufacturg and thus in performance, which



2 have previously been comonpl ace, can be avoided or at |east nitigated.

Many att enpt
assenbly dir
need for cos

s have been nmade to produce a | oudspeaker cone and surround
ectly by injection noulding one onto the other to avoid the"
tly hand assenbly of the two conponents, see for exanple

2228391 of Pioneer. Al though in theory tBe manufacturing technique

I nvol ved app
probably due

ears to be sinple, in practice this is ot the case. This is

nh¥e! NSrédtéusiipt Bder Schambhpibeel,y dhhf ivell Avboakal @it i 88

moul d an el astomer to forma surround because of the poor flow

characteri st
Cross-sectio
i njection no

leasef mivilgterl ast oners when noul di ng conponents of thin
n such as are involved in a | oudspeaker suspension. Ordinary
ul di niaryc larkiteopt s hae: deers made b \produce aatéudgpeaker

concentricity and uniformty of cross-section and which is not flat at its

outer margin
remedy these
mul ti pl e pos
provi de the
met hod by wh
I njection no
standard. It

comei ands syrrend spssenbly diregtdypdy riiectiornpouiding
defi ci encies by sinuLtaneoush¥:Lnjectin t he el astqner_at’
t

azﬁﬁdgnﬁ?odﬂﬁatﬁ@hﬁETiBﬂEFV“HF :

R A i by . .
pERemRIS oF o e dal?rnlrg FopaRthe | ApBc A, ASOMERS GAbOEn
Jp883R0r 0, ThgeNe oF AHSHRGHTn bndbns? e ManiEREKEE 1pa,

e oReed (£Q¥ | CostdY chand

drive unit WaLChnGAW SR VU4! AR eks NERIRES SAke SO Natadelbat £RES 11

manuf act ure an

commonpl ace,

'S | N pertorm h have "previ‘ous een
i€3fckCthe case. This is probably due to the fact that it

‘is particularly difficult to injécfidh'mbuld an elastomer

to form a surround becaﬁsg of the poor flow characteristics
of molten elaStohers' when ﬁquldiﬁg' éompdnenté of thin
cross-section such as are involved in a ' loudspeaker
§uspension. ordinary injéCtiohfﬁdulding'techniques produce
a surround which'is 1acking in"condéntricity and uniformity
of cross-section and whiéh_is@hbt flat at its outer margin.
This is unacCeptﬁble; Our early experiments attempted to
remedy these deficiencies bYISimuitéheouSIY injecting the

elastomer at ﬁultiple'positiahs around the periphery of the

‘cone but still failed to providexthe whole answef.

It is an object of thélihVehtion to provide a method
by which an elastomeric surround can be injection moulded
onto an injection moulded cone to provide a surround which
is of an improved standard. |

It is aﬁother'quect_of'the'invention to provide a
loudspeaker drive unit which requires a minimum of hand
assemﬁly so that variations in manufacture and thus in

performance, which have previousl?ﬁbeen commonplace, can be

Y,



3'avoided or at least mitigated. DI SCLOSURE OF | NVENTI ON According to the
i nvention, a nethod of making a | oudspeaker cone and surround assenbly
conprjses clanmping the outer narginal edge of a cone in a nould having a
caV|6§"ﬂef|n|ng a surround such that the out®r margjnal edge is in the
cavity and injectin n elastonerlc material_into the cavity to forma
surround attachéﬁ°ﬁ% GFEQQﬁﬁﬁyWﬁﬂlqﬁﬁﬁgxﬁ the cone and is
characterised by injecting el astqq Jjgh. _an annul ar orifice
extendi ng substantially conti nuouUsty prgi nal out er edge,

t he, annular orifice g@ Ao %rrgﬁl | H}eh@.% ‘ eg_l{qo%t h% ]EIP% kness
etmeen |

of the surround at t e Junction he''s
feeding the el aghaaBpeakeR éirfﬂh érﬁitﬁ‘zmﬁa&sgé%ﬂigecbﬂ QHQQFE‘ %ﬁﬁ q

feed chanber extendi hg aroun cavity, an para I 'Ng

from an annul ar thengnftes Phd@ghinaltedye cbestPnBonehish §ancidld dhébfﬂ
or outside the annular orifice by tearing at the said junction whil ﬁ

el astoner is steaviket definine anbﬁ@wdumdﬂ%&éhnﬂhate&hdfodeérrﬁﬁfdﬁhal
surround may be fornmed in two or nore separate steps each as descri bed
above, to createdgesisrinnthe cwavity rndfinjectingran: elastionerizndaterial
zones of elastomer which may, for exanple, be of different physical
characterlstlcslbtoc&h&ﬂcaV¥t¥e#@bf?rmhs syirennso airtached hbostbhe outer
evacuating air fromthe cavit rior to the injection of elastoner. The
met hod may conpPREgippd edgp 9¥ &%&W anghi& charagderised by injecting

~ elastomeric material through an annular orifice extending

o/
' substantially continuously around the said marginal outer

edge, the annuiar orifice being narrow in width in
comparison to the thickness of the surround at the junction
between the surround and the orifice, feeding the
elastomeric material to the annular orifice through an
annular feed chamber extending around the mould cavity, and
separating the surround from an annular ring of sprue
formed by elastomer which has solidified in or outside the
- annular orifice by tearing at the said junction while the
Y ' elastomer is still hot from the injection moulding step.
If desired the surround may be formed in two or more
- separate steps each as described above, to create a
surround consisting of two or more annular bands or zones
of elastomer which may, for example, be of different
physical characteristics or colour.
Preferably the qethod comprises the step of evacuating
‘air from the cavity prior to the injection of ‘elastomer.
The method may comprise the step of placing a paper or the

like gasket into the cavity prior to the injection of



| i ke gasket into the cavity prior to the injection of 4 el astoner
Wnereby the gasket is directly attached to the surround. In this case a

: /(;uum can be applied to the cavity through the gasket to prevent the
elasponer from being drawn into the vacuus ports. Preferably the conets s

an ‘injection nmoulding. Preferably the material ‘of the cone and the

material of edastgmesurwherebynhtbengasket ke dkvecthy ettached ito ithect ed

onto the cone, the two are united or bonded chenically, that is to say t hey

becone at t acR¥FTAUNd 1p| &8y IS cGRFedFe YRFRIBSEAR; rh& ngPBiiede toekheti ve
t I The be  of I d ol

Co- pol ymer aﬁ% ﬁ%y %‘ﬁ%w&@"gh%?%ﬁﬂé’% 87 ervan Hiac plastoms “Hm
I I fI d | h

pl astics mat \HdJa(Y | antJ a‘m%/ W, ng‘%lg?%ne' t ow index to allow the

material to e a cavi In section. The el ast oner of

t he suspension IS agﬁ% atﬁg_,yrggﬁ et n ! tﬁég%-rwr%?ily&mr

such as that sold b | astics Limte regl ster

trademar k EV@Wa(ﬁly tRee mataklinlt be EhéSéSﬁEr ahdStRe ShRtér fa D6 NGRS
bel ow 50. The nethod may conprise the step .of placing a rigid chassis

conponent i nsariddtndarey choseh sachhthat] whéhothefswtroundreis wrejedted he
chassi s conponent becones directly attached to the surround. Preferably the
chassis conpontat tlsefconed Ithe rfwect ave mmI'ahdlgorTbendIedss:mmmbhe,nt
may be annular in shape. Preferably the nethod conprises the .
that is to say they become attached at a molecular level
due to cross-l:.nk:.ng of the respect:l.ve mater.tals. Y

The cone may be of polypropylene .and may be a homo- ~
polymer or co-polymer and may comprise a proportion of a
filler such as mica. The plastics inateria_l will -preferably'
have a high melt flow index to allow the material 'to be
‘moulded in a cavity having a thin section.

The "elastomer of the suspension is preferably a-
styrene-ethylene b‘utylene-styrene'- pol'ymer such as that sold
by Evode PlasﬁiCS Limited under their registered trademark
Evoprene G. - Preferably the elastomer has a shore A
hardness below 50. | - | oo/

The method may comprise the- .step of placing a rigid
chassis component into the cavity 'pz_'io,r to the injection of.
elastomer whereby the chassis c_oinponent becomes directly
attached to the surround.  Preferably the chassis component
is formed by injection moulding. The chassis component may
be annular in sh‘ape.'_._ Preferebly _the ‘method comprises the
step of choosing the material of the rigid chassis’

| component such that when the material of the surround is

injected onto the chassis componenﬁf, .the two are united or



T

sfep of choosing the material of the rigid chassis conponent such
that when the material of the surround is injected onto the chassis
conmpopent, the two are united or bonded cRem cally, that is to say, they

b ttached l,ecul u cross-1jnki of the respective

rrgttC gl’l als. Fr omb%ﬁ}fefgo "ca%lit efrrf'R(}e |%a¥'mt§t%¥ ?R}Eﬁo??nﬁacl’t;ed ait-'-
t f I t t e ove, nou ar S

Gorining a surr eiip TeRtde IEVER Bl éé%? tHARENS, oife HHE Fehgetie o

cone, the noul dpaddySidari ng novable in one direction to close the m)ul dto
clanp the said cone edge and in another direction to open the nmould to

al l ow access to the mauwnl canother Chaspetéer i erd bxn%ﬁ%& on®" M bﬁi;{@@&&#e

nmoul d parts and extendi ng substantially continuously round the cavi
defining an annmoarldiary appadtiud Tordarafy gl sutithe %f&rﬁ:&%ﬁé’fﬁé@'éd’
continuous annular injection port comunicating between the annual feed
chanber and t heabeviet,y, haWwéngulmiwld | plartscodefbning annsuatrounidecahan fuf t
being formed by a snall gap between the nould parts so that the injection
port is in the receiying at rimasinithe confeex| harghinaligedgki of eheans,t cthe
el astonmer enters the nould cavity radially fromthe feed chanber, the feed
chamber being | #PYd4 ri’%lf‘b%shgéﬁgl aovahksari opet fdrgahiemftansiose the
in width conpared to the width or thlckness

TR 00T S 0 A R o o
single radiall ythtoeﬂ]e' ngh];e%joﬁ%’ttw e io%rona'tsct:ééscé egos teI Oﬂoﬁﬁdr %%‘#Cﬁ%,
o characterised by means formed between the mould parts and
extending substantially continuously round the cavity
defining an ahnular feed chamber for molten elastomer, and
a substanﬁié.lly - continuous annular “injection port
communicating between the annual feed chamber and the
cavity, the substantialiy continuous annular injection port
being formed by a small gap between the mould parts so that_:
the injection port is in the. form of a narrow knife-edge
slit through which the molten elastomer enters the mould
cavity radially from the feed: chaﬁber, the feed chamber
being large in cross-section compared to the width of
annular injection port which is small in width compared to
the width or thickness of the cavity. Preferably the
annular feed chamber will be fed from a single radially
extending feed port via a constricted section of reduced
cross-section which forms a ’/ gage' controlling the flow of
molten elastomer to the cavity. Preferably this
constricted section splays-out 1atera11y in a d'.irection

towards the



cross-section which forns a 'gate' controlling the flow of nolten
elastoner to the cavity. Preferably this constricted section
splays-out laterally in a direction towards the 6 annul ar feed chanber
to assist the nolten elastoner to flow round the path. Froma further &
aspect, the invention is a | oudspeaker cofie and surround assenbly nmade by
t he. met hod descri bed above. .From anot her aspect.the invention is a -

| oudspeaker &nnudaynfeedogbambergte asaistuthermpiten glagtomarctastbonric
material, noulded integrally with a rigid annul ar chassis front menber.
Preferably t ROURAn#h& P&dssis front nmember, which may be noul ded froma
materi al such as

ol ypropyl ene, i.s arranged t,o surround, the con
suspensi on.  Pref E‘FQ%\ 2 o ASRESHs P AW DS A el?l‘b%%%?f‘er -
integrally. Th terial_of e s | on_l.s pr.eferab rranged t
overlie an aﬁ?ﬁf*%‘% %Prgﬁghgn Lﬁ%;esﬁ_’cr@aslglagaf %ynt n%'értigﬁg ‘?%g?’fﬂ&ﬁ%%
wth a raisegbgggular bead which can forma conpressible water and/or air
seal when the drive unit is installed. The suspension material may be

moul ded to embr acerpal hakPRREs [ aspect! {16 eIndlbntiomniw! & rhigsheakent
menber, ~and nmay be fornmed wth annul ar beads on both opposite faces. The
annul ar chasapgver oghiteneompiasiiey Maul dertheM tSudprteon Whe od. t hef andwll ar
chassis front menber can be attached to the rear portion of the
chassis, orelastomeric material, moulded integrally with a rigid
annular chassis front membérQ ?feferably ‘the annular
chassis front member, which may be moulded from a material. o
such as polypropylene, is arranged to surround the cone
suspension. Preferably the COneﬂsuspension and the cone
are moulded integrally. The material of the suspension is
preferably arranged to overlie an axial face of the annuiar
chassis front member and is formed with a raised annular
bead which can form a compressible water and/or air seal
when the drive unit is installed. ' The suspension material
may be moulded to embrace both opposite axial faces of thei
annular chassis front member, and may be formed with
‘annular beads on both oppoéite_faces; |
The annular chassis front member may be moulded with
lugs by which the annula:" chaésis front member can be
attached 'td: the rear :portion'tbf 'the " chassis, or
alternatively  the annular member may be fbrmed with
recesses for receiving fixing members, e.g. screws, by
which the rear portiéﬁ of the chassis frame is attached to
the annular chassis front member.

Preferably the rear portion of the chassis comprises



alternatively the annular nenber my be formed with recesses for
receiving fixing menbers, e.g. screws, by which the rear portion of the
chassis frame is attached to the annul ar chassis front nenber. Preferably
t he Peér portion of the chassis conprises 7 an.annul ar rear nenber
formed integrally with a serles of | egs by ﬁ%lch the rear portion is

connected to t ta rcpg apt ’h\%f%gséiﬁhn?y sl&glg%de

froma plastics materia suc o ypr opy ene ous hEFEsT e

suspension is w&o aq{"mf&s %ﬁa i%ahh ﬁbﬁé%ﬁ §sgcof1ﬁ8@t@ﬁ ¢oAthd Rinrfular
erably

material. Pref he cone suspensi'on nmenbers and chassis are iInjection

moul ded. AdvanichRsid Y £oats UBRBSE PN MBRECchAsdiE | §Ay %e made from a
styrene-ethyl ene butyl ene-styrene polyner whereby the rraterl als of the

surround and clpaestsi e dhateanials isuchh ec pol yprepyiaine. baavehtaglsly the
during the injection noulding steps. This chem cal bonding |argely

obvi ates t he prnddzencohedesuspe'nsaidmnls/ninﬂuldeﬂ]uamtlegmmyr swithh darssis
assenbl ed | oudspeaker cone and surround assenblies when using adhesives.
The chassis COI@p@‘}erﬁmmla@ elastomenicamaterialannul ar support menbers,

and the chassis %{ are noul ded from pol ypropylene filled with mca or
the like. In assenb nef erably $he cane) SuspPens ion nenkexs andGhaagisg are

attach the conge and surround errbl tothe chassis or frame with t ai d
o o hest vo LRGP CRoRLIst: . AlAPRtRRC ALY (Fhe | SUERRPEARE MephaTs

al ternati Ve comprise a .styrene_-ethylene butylene~styrene polymer
o/ whereby the maferials -of .the surround and chassis‘ and
suspension beco-n'\'e"l chemically bonded together during the
injection moulding steps. This chemical bonding largely
obviates the problem of de-lamination which frequently
occurs with hand assembled loudspeaker cone and surround
assemblies when using adhesives. The chassis components,
i.e. the front and rear annular support members, and the
chassis. legs are moulded - ffom polypropylene filled with
mica or the like.

In assembling a loudspeaker drive unit, it is
conventional to attach the cone and surround assembly to -
the chassis or frame with the aid of an adhesive applied to
the outer marginal edge of the surround. As an alternative
an annular paper ring or gasket can be interposed between
the surround and the drive unit chassis. This procedure

. involves -éxtra work. This is obviated in the present
‘invention, since t_he'. .chassis or a part thereof is formed
integrally with the cone suspension. |

The polyptopylene used for the chassis: components may



an annul ar paper ring or gasket can be interposed between the surround and
the drive unit chassis. This procedure involves extra work. This is
obviated in the present invention since the chassis or a part thereof is;
formed integrally with the cone suspensi on. The pol ypropyl ene used for 'ﬁé
chassi s conponents may a hono-pol ynr or co-polymer and may

conpri se praoporti 40% by vol unme o | er .such as m ca. BRI EF
DESCRI PTI ON OEEBRRmv%@§°ﬁk?¥¥Rﬁﬁu|Qﬁ1|€?cﬁﬁiﬁ%ﬁﬁai?%%1|9‘¥||EQPP§P§8 b§
way of exanp a r 99; Fi e pl an
view of a ferrgFJe%l %%gc | On%{}?’dfﬁa&f m oér’?n %gkﬁ:slﬁﬂ gﬁ# ca)‘rL gnﬁ's e€nsi on
on a | oudspeaker cone; Figurgg 'Fs,.sé.-.g ORC bk ;ﬂwiuy'VleM/On the line
A- A of Figure 1; Figure 3-i'S a VIiew Ol "Figare 2 to an enl arged

scale; Figure 4 Isrth¥ﬁ¥&ﬁ£iaﬁfyéeauagramha%d%aga&ehlxﬁgtfﬁeb&UByoua9
assenbly made in accordance with the present invention; Figure 5 is a sCrap

Cross secti onogf eamiplel ﬂdutﬁenatﬁuuﬁ&ﬁyrm@edﬁadiﬁgspeﬁswnﬂcmasenbly of
Figure 4, and taken on the line B-B of Figure 4; Figure 6 is a scrap .
cross-sectional vi ®dguye espbsdanplan Riipw cof affemamhfinﬁbetiangmuanu
Figure 7 is a partly sectioned expl oded perspective view of a |oudspeaker
drive unit, apart for forming a surround or suspen51on on a loudspeaker

cone;

Figure 2 is a cross-sectional side view on the line A- °

A of Figure 1; - o | - B

Figure 3 is a view of detéil-cfof_Figure 2 to an
enlarged scale; -

Figure 4 is a perspective view of a 10udsPEaker cone
and sﬁrround_assembly madé in_accordance with the present
invention;

Figure 5 is a scr'af: cross. section of part of the
loudspeaker cone-and-suspension assembly of Figure 4, and
taken on the line B-B of Figure 4; |

Figure 6 is a scrap cross-sectional view corresponding
to Figure 5 of a modified arringément; |

Figuré 7 is a.partiy Sectioned;expldded perspective
view of a loudspeaker driﬁe-unit,'and

Figure 8 is a-scrap:cross4seqtional-view of the outer

.edge of a lpudspeaker together with its surround or

suspension and a mouldedéon annular chassis member.

In Figures 1 to 3 of  the drawings there is shown

injection moulding apparatus for making loudspeaker cone

~y



o

"Figure 8 is a scrap cross-sectional view of the outer edge of a | oudspeaker
together with its surround or suspension and a noul ded-on annul ar chassis
menper. BEST MODE FOR CARRYING OUT THE INVENTION In Figures 1 to 3 of the
dr aMgs there is shown injection noul di ng_apparatus for neking | oudspeaker
cone and surround assenblies. To inj ec®ion moul d an el astoneric

suspensi on of aH" LGUBGuIR L sklBIAE BE" LRASEY 8D Huh B SR b30CHBMLATL

| oudspeaker cone, 0S€ an I njectiaon ose pair

of relativel ﬁusﬁ&h%li'o?a COPP R BA ico 3Rl ohte ﬁg?&&#{e?ﬁaﬁfep% {3

of which is shown in Figure 1 of the draw ngs, and both shown

in Figure 2. Rajeetiohhoalaedloudspdakedr dones! wat ﬁﬂf\%:o‘ébr ant ixjedtaohhe
cavity forned between the two nould parts 3 and 7 and i ch defines the
shape of the mouldunthawiriysensi oppbselic ipajiect ich nrelseivelyo mbvabllecr
peri pheral edge 23 of an injection noul ded cone 21 cl anped between the
nmoul d parts acdmpiememtayy npartée 3suanduld derilyi thecafenylewpantst Zaof
inject the nolten elastomer via a port 1 through a control gate 2, which is
a constricti owhikhclis nshown \dincFidhwoe Lnofi gthe drawingsut andichebb of it
approaches an annul ar flow path or feeder 4  which extends continuqusly
around the suvhdghdareosheWg davFiguze 2.poBathsy thanepbtempic & injecte
outer edge of the cavity. The nolten el astoneréé‘l’%enters the cavity

|

radial |y throbBf £1R8tcmpr Girecklycing; the AR | REEWERY th¢nd
the outer edgg of Lhg cavill o oid' 5 e Wi tnds Lhb' SagLelly 21
N -surround or suspension to be injection moulded onto the
outer peripheral edge 23 of an injection moulded cone 21
clamped between the mould parts and extending into the
surround defining cavity, we instead inject the molten
elastomer via a port' 1 through a control gate 2, which is
a constriction which in plan view shown in Figure 1 fans
out sideways as it approaches an annular flc;w path or
feeder 4 which extends co_nt:;._nuously around the surround-
forming cairity at a position closely adjacent to the outer
(U edge of the cavity. The ‘molten elﬁstomer then enters the
cavity radially_ through a narrow "knife edge" gate 5
- extending continuously roﬁnd the outer edge of the cavity.
In this way the cavity is filled evenly and simultaneously
at all positions around its periphery. Thus the cavity
f_ills with elastomer to form a surround 22 having an outer
flange 6 which is thick in comparison to the thickness or
width of the gate 5, and an inner flange 17 attached to the
outer margin of the cone 21. |

It will be seen from Figure 3 that when the elastomer



at all positions around its periphery.. Thus the cavity fills with

el astoner to forma surround 22 having an outer flange 6 which is thick in
conpgrlson to the thickness or width of the gate 5, - and an i nner flange 17,
attached to the outer margin of the cone 2 It will be seen from Fi gure

t hat when the el ast oner 10 in the fille ?muld has solidified to forma

Sone 91" FheoUHE A6 ELRRHC Rl MR SO T4 ¥k ed Orb" TR {%ra'cﬁﬁ*r S 23
ot iy o romﬁ&ﬁ %déme%owﬁé%ﬁl ec'?era%gt RRE get acr:?éd :

formerly occupying the annular fe ring Pr

‘i mredi ately thedful 2ief €RaPoaeer iflamRiE\elof I EHe! BArfBuhd widl Wive an
is still hot, and at that stage can be done manually by tearing since the

el ast oner i | | atifadisate canndléanl | spruel 3mveofourdunded  tdxrosmsdection
el astomer will separate cl eanly fromthe outer edge of the surround since
the thin cross-casishing @fathenaollldlfhedkmlastm ifgrmenlyn gerup¥ing
forms a |ine of weakness. In ures 4 to 6 of the drawings there:is shown
a | oudspeaker dih%eaéaﬁéaa'ndf% eBuFdnees enttsetgrakle Shis céaydetashed
appear ance and c n}n%lra%ﬂgf a_frustqQ-conical drive,cone 21 which, in use, is-
attached at itd ¥i 31I‘Wd&ﬁyceﬂﬁﬁ’éﬁ?‘@nﬁsn’&ﬁ\‘\@?eﬁofﬁq’o%ﬂ’é‘&k’&

d |, 23 of th
21 bei ng. at t acHeP MEIAS ks #ECkt HEE . abdcal ERarC AiReR S3rs he AR 1
to 3 toa CQ”pHdafHHaﬁli} b‘})" [tlgaging since the _elastomer w:|.11 not have cured

fully. We have found that the waste elastomer will U
separate cleani‘y from the outer _edfg'e of the surround since
the thin cross~section of e‘-i,as_tome:_ in the knife edge -
injection port_ 5 forms a line of .;weakneSS;-

In Figures 4 to 6 of the drawings there is shown a .
loudspeaker drive coné ‘and su_,r_._'_l_-:oqnd assembly of generally |
conventional appearance . and compri__sing_, a _frustc-conical
drive cone 21 which, in _usé__, 'is attached at its inner
margin 11 in any convenient manner to a .lot_:_ld_sp_eake_r driVe'

" motor, e.g. a ni_ox_ii_ng.co_-il . -_n.ot.__l shown, the outer margin 23
of the cone 21 being attached in the manner described above
with reference to Figures 1 to 3 to a c_oinpl_iant surround or
suspension 22 which in t_u:i'n is secured in any convenient
fashion to a loudspeaker drive unit chassis (not shown).
In the present case the loudsﬁg_afk_er drive cone 21 has been
injection moulded from p__oly_p_r;pylene_ and the flexible
elastomeric ‘surround or 's_usp_'e:.;sio_n._ 22, which is of
generally conventional cont;i.gtg:___a____i_:iqn, "_has_ been'. injection

moulded thereon. The surround is annular in shape and

. o Ca Aeitmee e sememene p e - caewerem o e ._—-—-—-—1
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"suspension 22 which in turn is secured in any convenient fashion to a

| oudspeaker drive unit chassis (not. shown). In the present case the

| ougdspeaker drive cone 21 has been injection noul ded from pol ypropyl ene and
t he exible elastomeric surround or susgension 22, which is of
general |y conventional conf.iguration, has been imjection noul ded thereon.

The surround iéoﬁﬁfﬁ!héé bR Shtee #dnge @Wivﬁ?&l@@h@q@a%{ﬁ@ﬂéﬂ%gythe

which it is attached to the | oudspeakér drive unit chassis (not shown), a

part circul ar 1ohdspeakelr! arivébuiitcéhassibe(aéti ERownl!, &fpabe €9P8ular
suspensi on and an inner flange 17, which is noul ded onto the rear face 9 of

t he cone 21 saradlt orousellgws hk6owhdchais)i the3 axftivee part of t9ieecone
extent. "~ The overlapping joint is thus invisible in use. = The outer edge 8
of the cone 21suspensfionaldnd psi innerdfdangs \172djwbich tis thulded onto
bel lows 16 of the surround 22 so that the surround does not adversely
affect the acctBei¥epropace & afi thr eepR. 21nSphasatoaREeriap cthei guters,
the surround 22 is,injectiogn nmoulded in two successive steps, in the first

of which the iPREFIANAD Pfpdhe Fone te Semg gxteny.y o tPEeELARP2Rg

f which in,a, d he, I t 32 of th d
"nj ected onto 1REAFnAg, e invisikfe R Hel. Sl RpPerye: S:Eéi% | 5Bg
b ith ref to, Fi 3. : ' t '
2hg\r/2c¥mer i s{ ?c‘gé‘ggcﬁ e %Jr?%%ﬁg%%%y bggtsé'?’ll_(?f‘@é P%léglﬁf&e\é%ﬁe’&as‘fﬁ oﬁheso
that for exappig L{‘ﬁgli%&s&%cﬁk %QPQE:&J:%%;{H 7% WL ¢h& BuPFouna

I nproved. |If desite
\/ does not adversely affect the acoustic properties of the

cone.

In the arrangement of Figure 5, the surround 22 is
injection moulded in two successive steps, in the first of
which the inner annular part 31 is injected directly onto
the cone 21, after which in a secénd step the outer annular
part 32 of the surround is injected onto the inner parf 31.
Each of these steps will .be as described above with
reference to- Figufe 1 to 3. In this way the
characteristics of the surround can be tailored in any
desired fashion so that for exampie-.the _acoustical
properties of the surround can be improved. If desired the
inner and outer parts 31,32 of tﬂe surround 22 can be of
diffefent colours for aesthetic reasons. Aléo the surround
may be moulded in more than two steps, e.g. in three or
more steps to achieve a multi-zone surround.

The material of the surrqund.zz may be a styrene-
ethylene butylene-styreng which bonds chemicallf under the

heat and pressure of the injection moulding process to the
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i nner and outer parts 31,32 of the surround 22 can be of different colours
for aesthetic reasons. Also the surround nay be noulded in nore than two
steps, e.g. in three or nore steps to achieve a nmulti-zone surround. The,
material of the surround 22 may be a styrene- ethyl ene butyl ene-styrene he/
whi ch bonds chemically under the heat and p2essure of the injection

nmoul di ng process to the- 12 pol ypropyl ene cone to form.an integral unit
therewith, t hepeb}]pl-mm’&ehﬁg cone ndod forml want iotegralandnitr rehexewith,
t oget her as has been necessary heretofore. - In this way the alignnent

bﬁt ween t he ﬁo%eEﬁHYsem’?Gﬁd-"eng? reed, $o &?-%r*?‘%r@ﬂﬂét and, '-’t‘FFé‘ZP‘F%a

“surround gaﬁ SRR T i AR e FSSSRRAF K AaTRERERENt TF ‘%98%‘2? A
o ooy A1iapbhf) Bathvedn. e Wbtk PEAG " shPrblifin, B0 LR
way the cone: aﬂgré é BH@GtHBigl nb‘?lée&’zﬁega% ﬁ?@fxcﬂﬁmem i ][%E \Ii—g%ure

a-drive unit using nventir on non-
7 of the draw fgs ta&ﬁﬁeaélénomewesﬁpleﬂed EGHE Sah@UASREREGRAIT NS Ube
conprising a cone 21, a cone surround or suspension 22 around the outer:
peri phery of tQ@nﬁéOédaBSnéﬂs&&ﬁ%h?r chassis front plate or ring 14
supporting the outer margin 6 of the suspension 22. . The chassis front
plate 14 is supportes ﬂheaammg%mﬁmfﬁssvsgﬁng%Q at papesd dasketn 10 is
extending from an annul ar rear ..

arranged in the mould prlor to the 1nject10n mould;ng of

the surround 22, whereby the gasket 10 is bonded to the hd

flange 6. In this way the cone and surround unit can be
'~ secured to the ehessis (not'ehdwﬁ) of a drive unit using
conventional, that is, non-hgrhtﬁl; adhesives;

In Figure 7 of the drawings there is shown in explodea.
form a_1oudspeaker'drive:uhit:00npfisin§ a cone 21, a cone
surround or suspension 22 aregnd'tﬁe outet’periphe:y of the
cone and an annular chassis front plate or ring 14

supporting the outer marginjs of the suspension 22. The

chassis front plate 14 is Sﬁpported on a series of chaesis @‘J

legs 9 attached to, and extehding:frem;'an annular rear
chassis plate 20. The:rear:plate 20 carries a rear or
inner cone suspension 18 and a magnet plate 24.

The cone 21 and surround 22 are made by injection
moulding a thermoplasﬁic-'injection ‘moulded -elastomeric
material directly onto a thermoplastic cone to form an
integral unit as described above with reference to Figures
1 to 3, and in the same mbulding step, the elastonefic

'suspension 22 is moulded directly onto the chassis riﬁg 14

~



€hassis plate 20. The rear plate 20 carries a rear or inner cone
suspension 18 and a nagnet plate 24. The cone 21 and surround 22 are nade
by injection noulding a thernoplastic injection noul ded el astoneric

mat eN-al directly onto a thernoplastic cone to forman integral unit as
described above with reference to Figures #30 3, ‘and in the sane noul di ng

otop: i1 CLSREEH'Seo4ERSEY T AR iekd TR T AAF gl o i P o
201 Yoy 0PV 1 By Bl naTBE ERASASHR!! CriBlihakolit,BoaRehaLal sk b

sides of the réﬁeeﬂﬁeanﬂoeé%ﬁ?@g &ﬁﬁeﬁgfw%éké’é opncyRPER £bime af bbha-

ring. To this end the ring Wth a series of apertures

extendi ng througRei £3aniyef Jecnred deré BbtR EAded B €tHe £iAgt 2AtaNna
material to flow through the ring during the noul ding process to form

bead- | i ke gaskektendifgt konticfuduslecdrodi® botRr sidesplod ytHd pinghe Qone
is extended to forma tubular nenber 25 to facilitate alignnent of a voice
coil 27. A carthbs pagderthe nuirigial4 shswidrmed kdtio@ deeries oof haperbures
menber 25 to provide a thermal barrier and/or to facilitate attachment of
the voice coi | e2¥ending &hrowglsiiks surfacenfrempsidendia sidenhtocparmity
al so be formed with_an annul ar knife edge or_raised bead 26 to facilitate
the joi ni ng of thaecedastomeriee paberiadpdesifhrv stheoyghy the (ring Auring
wel ding or the like. _ ., ' .

the moulding process to form bead-like gaskets on both

N\ sides thereof.

The inner periphery 11 of the cone is extended to form
a tubular member 25 to facilitaté alignment of a voice coil
27. A card or paper ring (not shown) may be moulded into
the tubular member 25 to provide a thermal barrier and/or
to facilitate attachment of the voice coil 27 using an.
adhesive. The inner periphery of the cone may also be
formed with an annular knife edge or raised bead 26 to
facilitate the joining of the cone to the rear suspension
18,'e.g by ultrasonic welding or the like.

The rear face of the ring 14 is formed integrally with
frusto-conical spigots 13 which are received in
correspondingly shaped sockets 28 in bosses 15 formed on
the ends of chassis legs 19 and held in position by
mechanical fixings such as screws or by welding, adhesives
or the 1like. The legs 19 can be injection moulded
integrally on the Sﬁnular rear chassis ring 24 from a -
thermoplastic material such as mica-filled polypropylene or

altérnatively the legs can be made separately andf the
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The rear face of the ring 14 is fornmed integrally with frusto-conical
spigots 13 which are received .in correspondingly shaped sockets 28 |n
bosses 15 fornmed on the ends of chassis |l egs 19 and held in position by
mechani cal fixings such as screws or by wel ding, adhesives or the I|ke§,/
The I egs 19 can be injection noulded inte ?éally on the annul ar rear

- chassis ring 24 froma thernoplastic mater such as mca-filled-

| § b |y
DG YELery o Aa L et Y chBchB £20. CHim IR 2% Yo UL e,
the chassis 03#4 a&&d%ﬁa't“ ﬂie‘eEhfaé%msonéouldh‘EefﬂBui&@@'ﬁ\tBEhE‘f'gs

9 could be no ed on the front ring 14. Alternatively again the chassis
coul d be for NEAsfichsUp-Thke feFrhetaiplerehei 16gsUbl couzat bbomvhtaetioon
allow air to nove freely in response to cone excur.sions. The rear cone
suspensi on 18 the fmdret abiggdi4ect Aj tiemnattivelyadatin thée ochassisacould
chassis ring 20 froma thernoplastic elastoneric:material, such as that
used for the &ertoruned asTie puprdike rmembervmfdirmdaswﬁscsulﬁ&dcabnte
with reference to Figures 1 to 3. Figure 8 i.s a scrap cross-sectional view
“of the outer Peuvaes yto3zaddow @ie g& medek’r%lb dns paRReNSm B2 GRREN

I s noul ded onto an annul ar chassis rin This-i;s achieved in qgne step
by the net hod S¥ECHESIRNF aboVER®) FRAFof %cé“ﬁ?qfﬁsg‘tﬂ‘bslﬁ tkF 3PrefeERPLYhat
t he m)uldls to, contain both._th andthe r.ing Jl4 befor t he
el ast oner a%&pes‘?}g'ﬂénﬁ?l)ﬁcééan}“gb‘}g&%t 1Ehd chassis Ping' %0

from a thermoplastic elastomer:.c. __ma_ter;_i'ai,' such as that =
used for the surround 22. The m‘ouldihg' 'meﬁhed -v'iill be as b
descr:.bed above wrt:h reference to Figures 1 to 3.

F:.gure 8 is a scrap cross-sect:.onal view of the outer
periphery 23 of a cone 21 moulded onto a suspens:l.on 22
wh:.ch is moulded onto an annular chassis ring 14. - This is
achieved in one step by the _ method descr:.bed ‘above with
reference to Figures 1 to 3, except lthat the mould is
adapted to centaih both f.he ‘cone 22 ‘and the ring 14 before
the elastemer of the suSpensien is 'inje_bf.ed to unite the
compone_nts; ' The outer flange 6 of the suspension ﬁay be \J/
extended at 30 to form the annular 'feedei: channel throﬁgh
which the elastomer is fed are_un_d the | mould or
aiter-native_l'y or additionally ;the"mouid_ may he._provided
with a feeder 4 which forms a detaehahie sprﬁe in the
manner described above. A ring 29 can be directly moulded
to the inner periphery of the suspeh'sion 18 e.g. from
plastics or card to facilitate the un'itihg of the
suspens:.on 18 and the cone 21, e. g. by welding or by means

of an adhesive.



conponents. The outer flange 6 of the suspension nay be extended at 30 to
formthe annul ar feeder channel through which the elastoner is fed
around the nmould or alternatively or additionally the nould nay be
provﬁﬁed with a feeder 4 which forms a detaghabl e .sprue in the manner
descri bed above. A ring 29 ¢tan be directly foul ded“to t he |nner perlphery
of the suspension 18 qhed mddrEt %C§4 &in Bé' fixkd tba¢ ng i éb sis

uniting of the suspension 18 and the cone 21, e.g. by we y means
of an adhesive. ringl 20TH% WENBuitla¥ie Fashive d.igteby an MAHAAVE 65 Yye
ring 20 in any suitable fashion, e.g. by an adhesi ve or by -wel di ng or by
fixing such a swedding ox \gt £ixid/SidiM\la Aftidws Ay IiXtte. | nvention thus
provi des a nethod and apparatus for |nject|on noul di ng | oudspeaker cone and
surround assenblies consisting oINDUSTRIAL-RAPY ABILITY materials, e.g. an
el astomer on a rigid plastics. The i nventi on al so provides a

met hod by whi ch Ioud§$@§ﬂ@ﬂemﬁbm@ &hﬂﬁsptaﬁléesnidmethﬁﬂ ARRaratusFar
m ni nrum of hand | abour,. A et hod of naking aspeaker,

cone and surrodRdestdan, “é-éﬂﬂlg‘ %H@%%F?Foﬁ?‘hﬁ apf sy

- consisting of two different plastics materials, e.g. an
elastomer on a rigid plastics. The invention also
provides a method by which loudspeaker drive units can be

W | made and assembled using a minimum of hand labour.



mar gi nal edge of a speaker cone in a nould having a cavity defining a
surround, feeding an elastoneric material through a substantially
annul ar feed chanber extending around the nmould cavity, injecting the
el astoneric material into the cavity through a substantially annul ar -
orifice.comunicating with the feed chatber and which is narrowin width in
conparison to the thickness of the surround and which extends substantially
continuously around the entire outer SRAEMBal edge of the cone to nould a
surround attached to the_outer nmarginal edge of the cone, and after _
conmpl etion bf thl SaetheRd oKemakingga hSPaMEFInFoMENPRA afHEERMDE ng of
solidified sprue, forned- of, el-astoneri¢c:material,in th nnul ar. f eed chanber
by tearing 35FeRRLY SRS Sing sB?Fﬁt%ﬂnéf’gt 1ARq uﬁs%ngﬁBgt Vﬁb?‘l PR&ECEpr ue
and the surrour r by.the_a r orifirce eqLl st.e [

per f or med ¢%$¥€99%§ §$§§t§ﬁe$i§8§§#%?i§?£ sigtﬁl#gﬁéé ﬁ%gggghé Bﬁﬁgg&?on
step. 2. foFEhING aGCOLAEPGuhA, ©! AblaingChahACkERLERHER of Niatl2ln10f
forming the surround 1n Two or nbre separgte nmoul ding steps to create a

surround copRiShiRY £ shibdtantiana yanakhalapanted’ chai®erOf ettanaemg - 3.
A nmethod according to claim 17 or claim 2, characterised by the step

N erhod R g e ey e

step of plathtg thepagEvity theolighe gyasibstantdally emuuddampr owdfieet he

I njection of elastoner S - . . ,
communicating with the feed chamber and which is narrow in
width in comparison to the thickness of the surround and \/
which extends sﬁbstantiaily CQntinubusly around the entire
cuter marginal edge of the cone to mould a surround.
attached to the outer marginal edge of'the cone, and after
completion of the surroupd, separating_ﬁhe surround from an
annular ring of solidified sprue formed of 'elastomeric
material.in the annular feed chémber'by tearing said sprue
from the surround at the junction between fhe_sﬁ:ue and the
surround formed by the annular orifice, the tearing step
being performed while the elastomeric material is still.hot

" from the injection step.

2. A method according to claim 1,'chara¢terised by the
steps of forming the surround in two or more separate
noulding steﬁs to create a surround consistigg of two or
more annular bands or zones of elastomer.
3. A method according to claim 1 or claim 2,
characterised by the.sfép of evacuating air from the cavity

prior to the injection of elagtomer.

4. A | method according to  any preceding claim,

|




twher eby the gasket becones directly attached to the surround. 5. A et hod
according to claim4 when dependent:‘on claim 3, characterised by the step
of evaeuating air fromthe cavity through the gasket to prevent the

el aswefrer from being drawn a the vacuun1port 6. A method according to
any preceding claim characterised inltfhat the cone is an injection
nmoul di ng

charactFrlgeﬂtﬁfaFﬁﬁrgF@H ggsghg%ggﬁﬁptﬂgagéﬁﬁakgf%g}Bgﬂérgb%%qéﬁﬂ %*E@h
Cone. | thet uBaEKEE ARER, ??PCS&H 2 Q'ﬂ 3% 'sti%‘”%% ‘ag it ne
attached at_gyplgcul gpl eyl k%%e %c%gngis %'aagg | ABdFRCGA ne

materials. 8 EESTdi i any - pre
characteriseg, kgohhat the cone i's a hono-pol yner or co- polyner of
pol ypr opyl ene. A net hod accordlng to any preceding cltaim

characteriseg, in ahabthidd SE%SEEEBQ QB bﬂ%i&ﬂ%pﬁmihpaéﬁéﬂaéﬁﬁ”oﬁﬁtrﬁiﬁqene
butyl ene-styrene polymer. 10. nmet hod according to any preceding

claim char as_tebb%ﬁﬁadﬂséﬁ%@t_ﬁﬁ thep|sAdpidof Evaicthatliarsi 812 0ERORENEE Nt O
the cavity priror to the injection of el astoner whereby chassis conponent

becones direcavytyt ttintoargli othée gaskeduntb pre¥éntA tle hellastomedi nfxdm
claim 10, characterised in that the chassis conponent is forned by
i nj ecti on nobedihggdrawn a the vacuum port.
6. A  method according to any preceding claim,
o/ characterised in that the cone is an injection moulding,
7. A method according to any preceding claim,
characterised by the step of choosing the material of the
cone and the material of the surround such that when the
sutround is injected onto the cone, the two are united or
bonded chemically, that is to say they become attached at
a molecuiar level due to crossflinking of the respective
materials.
8. A nmethod according to any ©preceding claim,
characterised in that the cone is a homo-polymer or co-
' polymer of polypropylene.
9. A method according to any preceding claim,
characterised in that the elastomer of the suspension is a
styrene-ethylene butylene-styrene polymer.
10. A method according to any ©preceding -clainm,
characterised by the -step of placing a rigid chassis
'-component-'into -the cénity prior to the injecnion of
elastomer whereby chassis component becomes directly

. attached to the surround.

* C L " $ *



12. A method according to claim 11,

characterised by the step of forning

-

the rigid chassis conponent into an annul ar shape. 13. A nethod according

to any one of clainms 10 to 12 when dependent on claim?7,
the step of choosing the materi al
when the materi al

the two are united or bonded chem cally, that is to say, they becone
attached at-1a.noBemethod agsordiag (tocpd@é‘m i1kl rﬁ@l&ﬁaqimal‘#%%ebmﬁbat

mat eri al s.

char act er i s&hej ghaggd s I@W@ntﬁ%lﬂmlﬁhr

knife edge and in that the tearin

14. A method " according any f%.fce‘c:i:lkgg Clbg#@
¢ %0? g-as a

characterised by™
of the rigid chassis conponent such t
of the surround is injldcted onto the chassis conponent,

is at the

Jugctlon fotéed By Wﬂ%?qgu?QF ? Of thﬁ?ﬁ@tﬁ§d:r n1th ;rougﬂékEP cone
S o B RR B AL LALLY R0 LEL 8 UGBS S PELAUG a s

surround caghF and for receiving at- | east the outer marginal edge of a.
Parts being novable in one dlrectlon to close the nmould and

in another gk, ecg ﬁ\'&th%doﬁ%otﬂg‘i "t]odan AR Id¥e dIhA T I PUWY! LA When and

to clanp the sa

cone, the ndu

cone edge a OMIaCCESS to the nmould cavity

respectivel jepeRaknht enmelalbft Vee&éﬁcﬂﬁﬂiﬂeéabirstﬂédsﬁéﬁQﬁlﬂlélibosing
substantial ly contlnuously round t he cavity defining an annul ar feed

chanber for tﬁel idfterial of adleordgidatassis Yomponddty sueh |twuamémul ar

i njection

the material of the surround is injected onto the chassis
component, the two are united or bdndédﬁchemically, that is
to say,'they'become attached at;a_moleeular level due to
cross-linking of the reSpective'materiais.*

14. A method according to . any _precéding - claim,
characterised in that the'subSﬁantially'annular orifice isg
formed as a knife edge and in that the'tearing:of:the-sp;ue
from the surround is at the jqpctibn formed by the knife
edge.

15. A method of making a -speaker cone and surround

éssembly substantially as hereinbefore.desc:ibed.'

16. Injectioh moulding apparatus characterised by mould
parts défining a surround cavitY-and for receiVing at leaét
the outer marginal edge of a cone, the mould pérts being
movable in one direction to close the mould and in another
direction to open the moﬁld, to define the surround cavity

and to clamp the said cone edge and_to allow access to the

mould cavity respectively, means formed between the mould |

parts and extending substantially continuously round the

cavity defining an annular feed chamber for . molten

oy T
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‘port communi cati ng between the annul ar feed chanber and the cavity, which
injection port is formed by a smali ‘'gap between the nmould parts so that the
injectjon port is in the formof a narrow slit through which the nolten

el aswemer enters the moul d cavity radially fromthe feed chanber, and in
that the feed chanber is large in cross- ction conpared to the annul ar

I nj ection por ich is small i M d npared.to the widih o hi ckness
of the cavitglaptonts, aidta spBataptiaf Sy Lrartiiond artttar, talerEitha

t he annul ar f r, i.s.ed.from ingle radiallysexiending. feed port
via a constrP@%&H%ggggﬁgﬁagﬁmﬁbaﬁégﬁe%r%§§-§,3f?gﬁ tﬁ¥8h°§§W#§raa§§tghg
controlling w | t ; 0 e 1Y . 1d8. ég@ rat
according tohgl%gfi '17?£%E1a}r aﬁl%@fﬁgﬁati hef%?édrﬁetsd{r}%t &t secq'll'ontbjép
spl ays-out | 8ei/ldny ik andh18CPhets! tRRL NenenixhsELhesd pliaThes if
assist the moiten el astomer to ow round the cavity” 19. Apparatus
according totply €oemOf ofl abMBndfrbR 181i€hatRebe§hSewhicht hehet hfolten
substantially continuous annular injection port is formed as a knife edge.
20. I njecti edastondrdieptergppheaimonld dbitgntradiyllyasron ethibefoed
described with reference to, and as illustrated in, the acconpanying
drawi ngs. 1llthaimbelk]1ldrd 1dd1that]lthel fetl chamber is large in cross-

section compared to the amnular injection port which is
small in width compared to the width or thickness of the

N cavity.

17. Apparatus according to claim 16, characterised in that
the annular feed chamber is fed from a single radially
extending feed port via a constricted section of reduced
cross—-section which forms a gate controlling the flow of
molten elastomer to the cavity.

18. Appératus according to claim 17, characterised in that
the constricted section splays-out laterally in a direction
towards the annular feed chamber to assist the molten
elastomer to flow round the cavity.

' 19. Apparatus according to any one of claims 16 to 18,
characterised in that the substantially continuous annular
injection port is férmed as a knife edge.

20. Injection moulding apparatus substantially as

“hereinbefore described with reference tﬁ, and as

illustrated in, the accompanying drawings.
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