221 48 49 MOULDS FOR METAL CASTI NG AND SLEEVES CONTAI NI NG FI LTERS FOR USE
THEREIN This invention relates to nmoulds for metal casting and sl eeves

containing filters for 5 use therein. Mulds such as sand noul ds or

netal dies for casting nolten nmetal, usually have a if cayt Ejor {“
produci ng the desired casting and a running system u nyﬁgiég'sting of a
10 sprue, one or nore runner bars and one or nore ingates,and possibly

one or nore feeder cavities | ocated above or at the side of the nould
cavity. During solidification cast nmetals undergo a reduction in their
volunme. For this reason, in 15 the castyng of nolten netals into noul ds
it is usually necessary to enploy feeder heads | ocated above or at the side
of the castings in order to conpensate for the shrinkage which occurs when
the castings solidify.  INQUISDSOPORNMETAL! ICRSTTINGMND SSEEVESNnd a feeder
head with an exothermc & qagly T2 eve i n order '
to retain the feeder headqgg£§$ipih’h I jgﬂgﬂfingéﬁiﬁng as possible
and thereby to inprove the feeding effect and to enable the feeder head 25

volune to be reduced to a m wwrr%nu'f %’pgmngﬁgﬁhggr}ouset eqocwmfﬁg }Qg poi nt of

entry of nolten netal into the I cavi and ensures not
only that the noul medali toastsing | and siernves comtradindingatibteacsofory ¢
5 use therein. - )

Moulds such as sand moulds or metal
s dies for casting molten metal, usually have a
mould cavity for producing the desired casting
and a running system, usually consisting of a
10 sprue, one or more runner bars and one or more
ingates, and possibly one.or more feeder cavities
located above or at the side of the mould cavity.
During solidification cast metals undergo a
reduction in their volume. For this reason, in
15 the casting of molten metals into moulds it is
usually necessary to employ feeder heads located
above or at the side of the castings in order to
compensate for the shrinkage which occurs when
W the castings solidify. It is common practice to
20 surround a feeder head with an exothermic and/or
thermally insulated feeder sleeve in order to
retain the feeder head metal in the molten state
for as long as possible and thereby to improve
the feeding effect and to enable the feeder head
25 volume to be reduced to a minimum.

The running system connects the point
of entry of molten metal into the mould with the
mould cavity and ensures not only that the mould

~cavity is filled with molten metal satisfactorily



FS 1390COG but also that the nolten nmetal flows into the nmould cavity
wi t hout turbulence. If nolten netal flows into a nould in a turbul ent
manners splashing can occur, air can be entrapped in the netal thus |eading
to poL93|ty in the casti-ng and when casting readily oxidisable nmetals such
as alumniumto oxidation of the metal and the production of oxide
i nclusions in the ecasting. Use of a runnlng systementails casing nore
metal than is needed for producing a particul @r.casing itself apd hhopeogot
uncommon for the total weight of a casting running systemto be™Up t0 about
50% of the total weight of the netal casting It has now been found that
the need to use a running systent can substantially or conpletely
el imnated by insegting j at th gi nt_,of. e | t neta
into the moul d cavh“ﬁ gaai%? eggg%o he s t“ggFgPy nekad i gioﬁﬁwlﬁ' %g? aﬁloc‘i‘
foamfilter fixed cavity Mﬁ@h@mkeﬂaude@mnﬁ4m)If)m¢¢¢§mesehallﬁlew5|ento
there is provided g gBing 19 aTE2 uidnt! pgnag@rsauaghgngvehﬂ 6B%uEY 89¢ 2
rect a

sSprue comruni cati ng e nou cavit ocated |
the sprue a sl eevecan hef @&W%t’é?l‘é’!e e ey Bhes, %ﬁ?@lﬂgaﬁf’f PPFBFltY

fixed therein and llacatﬁa @h @ | aneh edds®ing hareddaave. o&@a@.edbne
to 4 further feat - the I nventi,on there |j rOVIdfd};% e in
nmoul & or casti ng MR £0 pxl b?nr ?o}“? ﬁﬁt arfal

having a ceram c f ¢he birbaactﬁbnedft bxiden incdusdoascdnatheceastting. ovse
end of the

'&-/.
—

of a running system entails casing more metal than is
needed for producing a particular casing itself and it
is not uncommon for the total weight of a casting
running system to be up to about 50% of the total
weight of the metal casting.

It has now been found that the need to use a
running system can be substantially or completely
eliminated by inserting in a mould at the point of
entry of molten metal into the mould cavity, a sleeve
of refractory material having a ceramic foam filter
fixed inside the sleeve.

W/ . According to the present invention there is
\_ : provided a mould for metal casting comprising a mould
' cavity and a sprue communicating directly with the
mould cavity and having located in the sprue a sleeve
of refractory material having a ceramic foam filter
fixed therein and located adjacent the lower end of the

sleeve.

According to a further feature of the
invention there is provided for use in a mould for
casting metal as described above, a sleeve of
ref_fa‘ct_ory’ material “having a ceramic foam filter fixed
therein and located adjacent the lower end of the
sleeve,. . |



sl eeve. - 3 - FS 1390C0OG As used herein the term sprue neans
any passage which is used to provide the sol'e neans of entry of nolten
nmetal into the nould cavity. The nould of the invention has no 5 runni ng
system apart fromthe sprue, but in addi- tion to the nmould cavity andi{he
sprue the nmould nay al so have one or nore feeder cavities. The nould and

the sl eeve of the invention may be used for the castiﬂg o[ @ ﬁ@giety 10
of non-ferrous netals, for exanple, al 'Wﬁ um and alu | ySs,
al um ni um bronze, magnesiumand its aIons zinc and its alloys and |.ead

and its alloys, or for the cgsti ferso h as_Lron and
steel. 15 é‘@%gﬁlhc?rr?df t)@egeés@r{'g %@'ﬁ'l'% @?é'—‘gpar ed to
conventional faopdpasprget wbdchr ia pereda-t negmowviods dfhesushl asmeanst al di e,

for producing gasthigy BY MoAtiehy niltaaasisld e o) B3 PEppEYT € di ecasti ng.

20 ter from eeve IS de nust be
sufficiently refractory to with- stand the tenperature of the netal to be

cast in the nould. Suitable qﬁgewd%hgldyﬂﬁ%ga Biofhae gomaterials,
bonded pagticul ate refractory 25 mat er.ial s such as SI|?€; sand and

bonded rePract BWYNHBEt SYAEEMa@PAY tndrom hhe SAnUg nibigt rBR raddbry fibres.
For sone appli¢fbho9s the mbaddecd)itdy dhd the sprue the mould )

may also have one or more feeder cavities.

The mould and the sleeve of the ~
invention may be used for the casting of a variety -/
10 of non-ferrous metals, for example, aluminium and
aluminium alloys, aluminium bronze, magnesium and
its alloys, zinc and its alloys and lead and its
alloys, or for the casting of ferrous metals such
as iron and steel. |

15 The mould may be a sand mould pre-
pared to conventional foundry practice or a perma-
nent mould, such as a metal die, for producing
‘castings by gravity diecasting or by low pressure
diecasting. -- QJ

- 20 ' " The material from which the sleeve
is made must be sufficiently refractory to with-
stand the temperature of the metal to be cast in
the mould. Suitable materials include metals,
ceramic materials, bonded particuléte refractory

25 materials such as silica sand and bonded refractory
heat-insulating materials containing refractory
fibres. For some applications the sleeve may also
contain exothermic materials.

Preferably the sleeve is made



contain exothermc materials. Preferably the sleeve is nade - 4 -

FS 1390COG i n bonded refractory heat insulating material and is nade by
dewatering on to a suitable former an aqueous slurry containing fibrous
mat erivgl and a binder and optionally particulate material renmoving the

sl eeve fromthe fornmer and then heating the sleeve to renove water and to-
harden or cure the binder. Such sl eeves can be manufactured accurately to
close tolerances on both their inner and outergsurfaces. This i ér'[p_g;(;
because the outer surface nmust be such that the sleeve fits snu

sprue of a die or sand nould w thout being crushed and wi thout floating of
the sl eeve occurring when netal is cast into the die or sand noul d.
Accuracy in the sizg of the .| rface, i s, inpor in or er,t
guarantee inserti on"én&"?geg‘t #W%‘Fé’f???gr @éﬁ%"@eﬁ% %F’eagl agd is
erQsi on resi stant amie hbg dawatesml;atorpalrd i@l saikabléi formear am aquexsi=d
fromthe surface by, e tahr h_th er
into the mould cavi¥ ﬂﬂ]&) Q:%wtgq' % f‘;{]ﬁr lg%t &%&Qﬁhl g gevée SlBFH: and
usual |y be of ci rcmmlmllz}bnﬂmrmtﬁecmrbﬁtl tnemﬁmn%nt—he sleeve

cross_section of thﬁréﬂneﬁﬂé EBY:mQ% faia 1P| Rea ¥Ry - tAR! 81@eve waz‘éno@e

ceranUfoam‘lIter ngg mgaknown met%d of king a ce

foam 1n which an i ne Pogﬁﬁt en, 9, Fyre 1 Biogs Ene "Fg’arﬁ eeq%s

i npr egnat ed WI th ammubeumaﬁu&actuﬁdcerduumwﬁrtal close tolerances on
Y both their inner and outer surfaces. This is important

-

because the outer surface must be such that the sleeve
fits snugly in the sprue of a die or sand mould without
being crushed and without floating of the sleeve
occurring when metal is cast into the die or sand
mould. Accuracy in the size of the inner surface is
important in order to guarantee insertion and location
of the filter. Such sleeves are also erosion resistant
and this ensures that particles and fibres are not
washed from the surface by metal poured into the sleeve
and through the filter into the mould cavity.

For ease of manufacture the = sleeve will

-, usually be of circular horizontal cross~section but the

|\, ' horizontal cross-section of the sleeve may be for
example, oval, oblong or square.

The ceramic foamfilter may be made using a
known method of making a ceramic foam, in which an
inorganic foam, usually polyurethane foam, is
impregnated with an aqueous slurry of ceramic material
containing a binder, the impregnated foam is dried to
remove water and the dried impregnated foam is fired to
burn off the organic ~-.:r\:'oam to produce a ceramic foam.

"¢ ]
s Tse
A =4



containing a binder, the inpregnated foamis dried to renove water and the
dried inpregnated foanlls flred to burn off 'the organic foamto produce a
ceram c foam - 5 - FS 1390C0OG The refractory sl eeve nay
be formed integrally with the filter by formng it areund the lateral
surface of the filter. During forming it is desirable to cover the open
faces of the filter to prevent the material fromwhich the sleeve is forned
fromentering the pores of the filter and bl ocking them ¥gef3ggsoéleeve
and filter are to be used for casting al O ni um the cover mRy=tomveni ently
be alum niumfoil which in use is imediately nelted by nolten al um ni um
poured into the sleeve. The sleeve containing the filter may al so be forned
conveniently by inserting the filter in the sleeve during panufacture of
the sl eeve and def or mi §§et FELFAFCLOBY BhECYP-BIY HPoﬁﬁHmﬁaelﬂFPEEPléﬁ t hat

the filter isylehd i-.hém FiltepPOoby i Rormiiny sllaaevermhdbetﬁadelbteﬂewaterl ng
otri pping { hosBFEB0E S8 e fiPben (e bty el Racft | g SrdiPRbEE, i
one end of thtoslm sthe hapenhd&acelst @f |th¢ofat§éradqoamverﬂatthed of
by6 - materT=1 1 $28HGNTIH the WUV NEs L AGrHBY | £Pbn! BfitSEERYS: € -
the pores of the filter and blocking them. When the &%
sleeve and filter are to be used for casting aluminium '

}

the cover may conveniently be aluminium foil which in -
use is immediately melted by molten aluminium poured
into the sleeve.

The sleeve containing the filter may also be
formed conveniently by inserting the filter in the
sleeve during manufacture of the sleeve and deforming
the wall of the sleeve around the filter so that the
filter is held firmly in position. The sleeve may be
made by dewatering on to a former an agueous slurry
containing fibrous refractory material, stripping the
sleeve so ~formed from the former, inserting the filter
in one end of the sleeve so that the filter is located N
adjacent that end of _ : N



squeezing, around the filter so that the filter is held in place and
heating the sleeve so as to, harden the binder. 5 The sl eeve
may al=so be fornmed in two part's and one end of each of the two parts may be
fixedito a face of the filter, for exanple, by means of an adhesive and the
| ateral surface of the filter sealed to prevent |eakage of nolten 10

metal in use. The sleeve may have one or norge d edges or shogp$ dpg8000Gi ts

i nner surface for locating the filter in the desired positi®n. Th a
preferred enbodi nent of the sleeve 15 of the invention the filter is.

| ocated on one or neteevedgdefarmingadjihacawal It hoef bdse ofeéne, stegvebynd i s
held in position by_¢ : r eGhi 0 i f t he

sl eeve or on the | a?gggfgéﬂg?aggeg&dt %tgef ?ﬁt@%g %’ tHat ohe P'F?tgf&l t hough
a plurality of |edgés Bphdednapdaceanadnheaid ngrihateleevetse asetoe at or
adjacent its base Ny, .BEnUsRE bihdes . Preferable that the sleeve has a
singl e | edge extending com pletely around the perinmeter. A | edge extending
25 conpl etely around the perineter of the sleeve not only | ocates the
filter in thegdesired positiofpRulstieley@d wayreEMetise MES@hed PN BUOASSI Ng
the filter when the sleeve i,s inserted in tm3§¥”éﬁ§°f a nou] d and has

mol t gn et al pour edP@hE8u8Adi pne end pf eac twePpanpy ey be
fixed to .a face of the filter, for example, by

means of an adhesive and the lateral surface of
\—’ the filter sealed to prevent leakage of molten
U 10 metal in use.

The sleeve may have one or more ledges
or shoulders on its inner surface for locating the
filter in the desired position.

In a preferred.embodimenf of the sleeve
15 of the invention the filter is located on one or
more ledges at or adjacent the bése of the sleeve
and is held in position by one or more projections
on the inner surface of the sleeve or on the
Y lateral surface of the filter.

.20 . Although a plurality of ledges spaced
apart around the perimeter of the sleeve at or
adjacent its base may be_used, it is preferabie
that the sleeve has a single ledge extending com-
pletely around the perimeter. A ledge extending

25 completely around the perimeter of the sleeve not
only locates the filter in the desired position
but it also prevents metal from bypassing the
filter when the sleeve is inserted in the sprue

- of a mould and has molten metal poured through it.



Although a filter having one or nore projections may be used,

el ongate projections on the inside of the sl'eeve are preferred so that the
filter can be | ocated on the | edge or |edges centrally over the aperture on
t he base of the sleeve. The projections on the inner surface of the slegve
may be smal |l knife-edges but the are preferably ribs of a nore substanti al
size. The projections are preferably equally spaced apart around the
perimeter of the inner surface of the slgeve and are tapergd frggeggttomto
top. The filter is inserted into the sleeve fromthe top, h

| edge or | edges and held in position by the projections. The presence of
the projections ensures that small variations which occur in filters of the,
same nom nal size can R& olehated, ggﬁ_use fh?ters of slightly different
size can still be hel d®FiPAP?% n Pl ade cORBMAg: i 7D He | BEEE or

| edges and t hprpdectibnsnaawml bewsised,angbongateé oprogectiivas greethe )
w thout the fi ' I S d d EQ% | f oating
when nol ten n%bgﬁa?swoﬁ% ?%?%ggm)a?gs p?-%%\é [ cﬁi t eyélgéréee{:%%a?gg}.zgh i's
preferred thafaphde ated oRe thecclrdge gppladass cenkxrllY haverhe
thickness of the hpkkeuresent Ak bhSeBlt ReMBiakvean be poured into the

sl eeve, thus avoiding the possibility of netal |leaking into the nould -
cavity around the outside of the sleeve. | f desired, to avoid fiIIingﬁfﬁ

t he sl eeve, the upper ®hd Qgrdjectsicrs/conathee inneedsurfabe shfipthel a

funnel . sleeve may be small knife-edges but the are preferably -

-~

o/

ribs of a more substantial size. The projections are
preferably equally spaced apart around the perimeter of
the inner surface of the sleeve and are tapered from
bottom to top. -

The filter is inserted into the sleeve from
the top, located on the ledge or ledges and held in
position by the projections. The presence of the
projections ensures that small variations which occur
in filters of the same nominal size can be tolerated,
‘because filters of slightly different size can still be
held firmly in place.

The combination of the ledge or ledges and the P
projections allows 'fransportation' of the sleeves
without the filters being dislodged and prevents the
filters from floating when molten metal is poured into
moulds in which they are located.

It is preferred that the length of the sleeve
is appreciably larger than the thickness of the filter,
s0 that the molten metal can be poured into the sleeVe,

. thus avoiding the possibility of metal leaking into the
mould cavity around the outside of the sleeve. If
desired, to avoid filling of the'sleeve, the upper end
of the sleeve may be flared in the shape of a funnel.



-8 - FS 1390COG In order to insert and |ocate the sleeve in
the sprue of the nould it is preferred that the outer surface of the sleeve
is tapered and that the sprue has a corresponding taper, the direction of

t aper<gdependi ng on whether the sleeve is to be inserted in the sprue from
above or bel ow. It is also preferred.that the outer surface of the
sleeve or nould surface surrounding the sprue has neans for hol ding the
sleeve firmy in position once it has been isngeted in the sprugs Ty ovoens
may be for exanple protrusions such as ribs on the lateral surface of the
sl eeve or protrusions such as ribs forned on the sprue of a sand nould by
the use of a recessed former during nmould production or in the case of a
metal nould or die protrusi Qs %&&a?_or i%}&éﬁgh'ﬁﬂ&d 1Q%altde Ll glgfwgi Gn
surface surroundi ng the sprue. e refractory sleeve is preferab ocat'ed
in.the sprue such tihe sSprue ov\ﬁrtbﬁdmulﬂhé-tsl%vﬁreﬁemdiﬁhéﬁnﬁigét opter

the casting. This RRARADE 1 AP g dd G Tt Hhd prvdthis
above the base of the sprue an seatln%_the sl'eeve .qn t he | edge. en 3
FES ARG

casting requiring & f Randing tgper, the direetipyy fenending,
the moul d anﬂ s:c ele\tfn O&héﬂﬁef ][w,ng- slie@¥d tis Stoopel himsdrttddcin ethbe sprerye
containing the filtgr in e feeder cavity._gndsto Il e as..the
sprugfjln such appﬁ%ﬂﬂi gv?tQﬁfﬁefbw. %8 aﬂgo ﬁ%%fégiéf gﬁgt the
outer surface of the sleeve or mould surface

surrounding the sprue has means for holding the sleeve

\—

. firmly in position once it has been inserted in the
W

sprue. The means may be for example protrusions such
as ribs on the lateral surface of the sleeve or
protrusions such as ribs formed on the sprue of a sand
mould by the use of a recessed former during mould
production or in the case of a metal mould or die
protrusions such as ribs machined on the mould or die
surface surrounding the éprue.

The refractory sleeve is preferably'located-in
the sprue such that the lower end of the sleeve is not
in contact with the casting. This can be achieved for

s example by incorporating the ledge above the base of
i_/ : the sprue and seating the sleeve on the ledge.

When a casting requiring a feeder is



5 be usual to use a sleeve which has exotherm c and/ or heat-insulating
properties as well as being refractory in order to achieve satisfactory
feeding of the casting. Wen the sleeve is required to function 10 as a
feeder sleeve in a nould for casting ferrous netal the filter is prefergbly
| ocated at least 0.5 cm nore preferably at |east 1 cmfromthe | ower end
of the sleeve.. Expressed in terns of-tée-overall hei gbhs Q39ipig@gs| eeve the
filter is 15 preferably | ocated above the | ower end~of THE 3l eeve by at

| east 10% and no nore than 75% of the height of the sleeve. After pouring
and as the netpalodutddiaising dtlvavmeyldoandi §1eevandfcaheer doven-nol ten 20

netal is fed fr.om t.he S| eeve. [ty t | r te for
- the contracti &H%g']ndr{t d'gpﬁpooa%cﬁbagé_ s%?mg&ggggi %88 El%%greggﬁ%g‘ﬁ‘ﬁg‘ ion the
casting is rertineed ifirteam tire thel teedelr t bavipyuendf sodet 1ild seetineed. 25
In order to mgkeddy GASH H Jfﬂf@é/e the §£’£Heéﬁg?@'ﬁﬁt%oh"se%ehiqqr? may be
| ocat ed between the |ower end of the sleeve ahfl the noul'd cavity in
accordance wi e neuadl te 43¢ ce. s eeverwhkeh héﬁeeﬁﬁyhﬁﬁmﬂﬁx@@déb t he base

of the sleeve g Hg%t_iﬁgﬁﬁgfib%fﬁgoﬁéﬁgp%ﬁeggrngmsagfb@qn dhesi ve or by

shapi ng the breaker core so al part eaker core can be push

fitted into tH@fNachary in . onder to achieve gatisfectery feeding o
of the casting. ' =

When the sleeve is required to function Q)

10 as a feeder sleeve in a mould for casting ferrous §_£

metal the filter is preferably located at least

0.5 cm, more preferably at least 1 cm from the

lower end of the sleeve. Expressed in terms of

the overall height of the sleeve the filter is
15 preferably located above the lower end of the

sleeve by at least 10% and no more than 75% of the

height of the sleeve.

After pouring and as the metal in the
mould cavity solidifies and contracts, molten
20 metal is fed from the sleeve cavity through the
filter to compensate for the contraction and to i
produce .a sound casting. After solidification the
casting is removed from the mould and the sprue/
feeder is removed. |

25 In order to make it easy to remove the
sprue/feeder a breaker core may be located between
the lower end of the sleeve and the mould cavity
in accordance with normal practice. The breaker
core may be fixed to the base of the sleeve if

30 desired, for example by means of an adhesive or
by shaping the breaker core so that part of the
‘breaker core can be push fitted into the sleeve.



Alternatlvely the breaker core nmay be formed integrally with the sleeve. By
the use of a sleeve of refractory*material having a filter therein and a
nmoul d 5 according to the invention, having no running system apart from
the sprue, it is possible to produce castihgs nore econom cal ly conpared

wi th conventional practices of sand casting or gravity diecasting netals
because elim nation of the runn- 10 i ng Wyst em signi fi c&st INBIHNGEes t he
wei ght of metal which nust be cast to produce a particular casting and |ess
fettling of the casting is needed. The construction of a sand nould or the
design of a die foRldgreaiativecathenpreakernpprei mayibe foamedoth can be
made smal | er conmpargd d et th | ongl s pe@ddenoul ds or dies. An existing
die may be nodifie toi?(xice nmoul d according to the invention by

bl ocki ng off its running systen1and i f necessary, machining the sprue of
the die to 20 a||OM/InseH3fﬁtﬁ§ he §#e3vg]e5v@tb¢r$@ﬁQ@dﬁﬂﬁy can be

cast at |lower nelt tenper res, and i e of gravity di casting, at
| oner die tenperat@ﬁé@r Ei:h#&kn$r6dﬂbiﬁerntﬁﬁﬁFd§ &@@o@dﬁﬁ@ﬁﬁb t he

i nvention haves i rrprat\mairrgaccoomé isvbhtibh; haviag mharrantrﬁrngstlcs and
are substantially fre%ifroq%ﬁgngsé % ﬂg |nclu5|on and as a res% have
good Tmechani cal e as" & 8t FBRYEmd’ 085 R§5m1 Qy and
are BTéssure t|ghtproduce castings more economically compared with
conventional practices of sand casting or gravity
U diecasting metals because elimination of the runn-
10 ing system significantly reduces the weight of
metal which must be cast to produce a particular
casting and less fettling of the casting is needed.

The construction of a sand mould or the
design of a die for gravity diecasting is simplified
15 and both can be made smaller compared to conven-
tional sand moulds or dies. An existing die may
be modified to produce a mould according to the
invention by blocking off its running system and
if necessary, machining the sprue of the die to
20 allow insertion of the sleeve.

Furthermore, metal can be cast at lower
melt temperatures and in the case of gravity die-
casting, at lower die temperatures.

Castings produced in moulds according to
26 the invention have improved directional solidifi-
cation characteristics and are substantially free
from porosity and inclusions and as a result, have
good mechanical properties such as elongation and
good machinability and are pressure tight.



- 11 - FS 1390C0OG The invention is illustrated with reference
to the acconpanying drawings in which Figures 1 to 5 are vertical cross-

-sections of sleeves according to the invention: 5 Figure 6
is a half horizontal cross- - -section of the sleeve of
Figure 5. Figure 7 is a vertical cross-section of a conventional sand noul d
for producing an alum nium plate castinpg and 10 FS 1390cCodigure 8 is

a vertical cross-section of a sand nould according to-tte—TTventi on for
produc- ing the alum niumplate casting of Figure 7. Figures 9 and 10 are
vertical cross- -section$hef1huehhebneﬁbodnﬂmm&$aﬁedﬂﬂﬂtﬁ accord- 15

ing to the invention a_di.aqgr ticg to a éhan al um ni um
cyl i nder head c%é?fﬁ@cﬁrggugg ﬁégmggﬂyg awyﬂﬂéh%ﬂiébk) gravity
di ecasting and Figure 12 is a diagrammtic top pl an of 20 t he al um ni um

cylinder head casting ofg Eggp@g $1e rgd%9%d¢é} dgwﬂé¥§§§ordlng to the

invention by gravity diecaSting. Refer | gure eeder sleeve 1 of
circul ar horlznﬁ@@t1%ﬂ@sgfsé&eEMﬁsha§C@Md00m9¢qaihe impentbm 2 which is
funnel shaped and a | ower portion 3 which is cylindrical. Afilter 4 of

ceram c foam - 12 - ) FS 1390COG having a taper fromtop to
bot t om c®r r espondi ng Figure 6 is a half horizontal cross- \z

-section of the sleeve of Figure 5.
Figure 7 is a vertical cross-section of \;}

a conventional sand mould for producing an

aluminium plate casting and

10 Figure 8 is a vertical cross-section of
a sand mould according to the invention for produc-
ing the aluminium plate casting of Figure 7.

Figures 9 and 10 are vertical cross-
-sections of further embod1ments of moulds accord-
15 ing to the invention.

Figure 11 is a diagrammatic top plan of Q,)
an aluminium cylinder head casting produced in a '
conventional metal die by gravity diecasting and

Figure 12 is a diagrammatic top plan of
20 the aluminium cylinder head casting of Figure 11
produced in a mould according to the invention by
gravity diecasting.

Referring to Figure 1 a feeder sleeve 1

of circular horizontal cross-section has an upper
25 portion 2 which is funnel shaped and a lower portion
3 which is cylindrical. A filter 4 of ceramic foam



to the taper of the funnel shaped portion 2 of the sleeve 1 is |ocated at
the bottom of the funnel shaped pérti'on 2 and above the lower end 5 of the
5 sl.eeve by approxi mtely 27% of the overall height of the sleeve 1.
Referqi'ng to Figure 2 a-feeder sleeve 11 of circular horizontal
cross-section has an upper portion 12 which is funnel shaped and a | ower
por- 10 tion 13 whose wal | thickness i.sigreater than thag qfyglgeegupper
portion so as to produce a |ledge 14. A filter 15 of ceram c—foamist ocated
on the | edge 14 and above the lower end 16 of the sleeve by approximately

2|7% of tzge ]Qve_ral I lhfa@iigulgt _apfté[hiiar rom S6FEYE ﬂ&tgﬁ?ﬁif gbr?egpmdﬁin@ure_ 3 a
conel sting of 11 br s ther LARRI 0 Fetles : S8 0r s RBRe: BOr &R Lol Theer | ol
ang 2320 bi nder SPQ&\Q deri?ﬁkndmul fattehe2BRot bomt of adjeacfa][nmdlt sf | Iower
en . During man ture i he sl eeye afteryinsertign.o il ter
22 and before the gih%(ci’eq'%ipsoq‘htérgc}bréaa,"qh%g%?l £é§ ])ngﬁegf@bé zgtf:t Rﬁ'ee | ower
end 23 is defdrnedsieeve2dy apprecimateipol7%oofisthe hekedatle higiilghdr 22 in

the desired pl ace. fy the sleeve 21 is then conpleted by
heating the tube tghﬁgtﬁfg;stﬁ%%]nbler. In use the sleeve 21 is inserted

i nt 0730 ~ the sprue of a mould so that the lower end 23 is adj acent the
moul cavi ty and mol ten met alpdferring to Figure 2 a feeder sleeve 11

of circular horizontal cross-section has an upper
i\/ portion 12 which is funnel shaped and a lower por-
10 tion 13 whose wall thickness is greater than that
. of the upper portion so as to produce a ledge 14.
A filter 15 of ceramic foam is located on the ledge
14 and above the lower end 16 of the sleeve by
approximately 27% of the overall height of the
15 sleeve 11. o

Referring to Figure 3 a sleeve 21 of
circular horizontal cross-section and made from a
composition consisting of fibrous refractory
material, particulate refractory material and a
k;;/ 20 binder has a ceramic foam filter 22 located
adjacent its lower end 23. During manufacture of
S : the sleeve 21, -after insertion of the filter 22
and before the binder is hardened, the wall 24 of
the tube at the Tower end 23 is deformed by a
25 squeezing tool so as to hold the filter 22 in the
desired place. Manufacture of the sleeve 21 is
then completed by heating the tube to harden the
binder.

In use the sleeve 21 is inserted into
-30 the sprue of a mould so that the lower end 23 is
adjacent the mould cavity and molten metal is



- 13 - FS 1390COG poured into the top of the sleeve 21 and
passes through the filter 22 into the nodld cavity. Referring to Figure 4 a
sl eeve 31 nade in refractory heat-insulating material has an 5 out er

| ateral surface 32 which tapers fromthe bottom 33 of the sleeve to the_jop
34. The inside of the sleeve 31 has a |ledge 35 at the bottom 33 of the

sl eeve 31 on which there is fixed a_cefj?amc foam filtgfg ngdm@se t he
sleeve 31 is inserted 10 into a nould sprue havi ng—a—taper
corresponding to that of the outer | ateral surface 32 of the sleeve 31.

Referring to Fhgures 5nﬁ6dtﬁeat§be©\feftﬁb @&fi e@vreCLZIarar’lfB)rpaZﬁésﬁﬂ oo 42 ,
cross-section an refract mat.eri al has a | edge at '
its base 43 ex‘?}énﬁm Eﬁﬁuﬁa"f:ﬁ g]@rl Hﬁtoert?'@%/ mcor’l‘e]‘glceae‘(ﬂe Y1. The sl eeve 41
al so has five elongate ribs 44, equally spaced apart around its inner 20
surface 45 adjacent the ta oy |k, bottomend
46 to their top end 47 aﬁg$?ﬁg$9pegg F f%§§bg#s ¥§1ﬁ§{?1 gﬁéé%-to t he base
43.. The sl eevin4netoactony headramsuladdmg imMater 40l dfasiarul ar horizonta

cross- 2§ ?Fg;lpﬁggpg hﬁh?fag§e@§e%hqghtBﬁgﬁ$qis iﬂ} the top 48,

| ocated on the [ edge d in place by n use the sl eeve
41 is |nsertedb¢ht©mt&§ Qﬁrﬁbeoﬁlaewﬁuﬁ@ dhe toIr 3t nethe pastdeinto 303

the top 48 of ghecrbegygedd  3M2RASS al Ne@YR 35'&t the bottom 33 A
of the sleeve 31 on which there is fixed a ceramic R
foam filter 36. In use the sleeve 31 is inserted : \;J

10 into a mould sprue having a taper corresponding to
that of the outer lateral surface 32 of the sleeve

31. '

Referring to Figures 5 and 6 a sleeve
41 of circular horizontal cross-section and made
15 from refractory material has a ledge 42 at its
base 43 extending around the perimeter of the
sleeve 41.

The sleeve 41 also has five elongate

ribs 44, equally spaced apart around its inner

20 surface 45 adjacent the base 43. The ribs 44
taper from their bottom end 46 to their top end .
47 and the sleeve 41 tapers from the top 48 to
the base 43.. The sleeve 41 contains a ceramic
foam filter 49 of circular horizontal cross-

25 -section which is inserted in the sleeve 41 at
the top 48, located on the ledge 42 and held in
place by the ribs 44.

In use the sleeve 41 is inserted into
the sprue of a mould and molten metal poured into
30 the top 48 of the sleeve 41, passes through the
filter 49 into the mould cavity.



filter 49 into the nould cavity. - 14 - FS 1390C0OG Referring
to Figure 7 a sand noul d 51 having7a nmould cavity 52 for producing an

al um nrum pl ate casting has a pouring bush 53, a running system conprising
a sprue. 54, a well 55, a‘runner 5 bar 56 and an ingate 57 and a feeder
cavity 58. The feeder cavity 58 is lined with a cylindrical heat-insulating
feeder sleeve 59 nade in bonded fibrous and non-fibrous particul ate
refractory material. 10 In usd4md ten netal i FSpAdwdao0Pa nto

t he pouring bush 53 and flows through the running systemand rnto the nould
cavity 52 and the feeder cavity 58. Referring to Figure 8 a sand nould 61
15, for producing an al um niReTﬁqJT!aieg cbst Fhguirdeidt acakndo mohidtd t5d be
produced in Figure 2e 3N e : no
pour- ing bush and Eﬁnﬁjﬁﬂlng Sy s q¥é$¥%€ 52 ﬁ QPBHEFQ%ngm %?HH{%JEE
ref.ractory heat-i nsm1aammgpa§fem Isais 2@ pourmug busboAded af irtmaifi gand

non-fi brous particul f ter ngat h veg64 Jh rénic
foamfilter 65 | ocat?ﬁa{aﬁﬁﬁﬁ%’gﬁ?oﬁéﬂtﬁé gg Snﬁhgg ﬁgl teanq?r‘er?'a i's
poured into the sprf@BPaRNG s ngRbegh’ ¢ ARdcar iapderogaviitt &8 65 into

25| the rf})ul ﬁ/bc?\élmﬁ %edﬁowamyeszse$sF\mﬁeuhm&nrlaecs‘ya iindrfiddl of
molteg et a ! %é%tt{¥§J?Q¥%§bo¥neégr L eeve 59 made in bonded
fibrous and non-fibrous particulate refractory

k“, material.

10 : In use molten metal is pouring into the
pouring bush 53 and flows through the running
system and into the mould cavity 52 and the feeder
cavity 58.

Referring to Figure 8 a sand mould 61
15 for producing an aluminium plate casting identical
to that to be produced in Figure 7 has a mould
cavity 62 and a sprue 63. The mould has no pour-
ing bush and no running system. The sprue 63 is
lined with a refractory heat-insulating sleeve 64
~— 20 made in bonded fibrous and non-fibrous particulate
' ~ refractory material and the sleeve 64 has a ceramic
foam filter 65 located adjacent its lower end 66. |
In use molten metal is poured into the sprue 63
and flows through the ceramic foam filter 65 into
25 the mould cavity 62. Pouring ceases when the
sprue 63 is full of molten metal.

Moulds of the type shown in Figure 7
and Figure 8 were used to produce aluminium plate
castings measuring 26 c¢cm x 26 ¢cm x 2 cm. The

30 total weight of metal cast using the Figure 7



and Figure 8 were used to produce al um nium pl ate castings neasuring 26 cm
X 26 cmx 2 cm The 30 total weight of netal cast using the Figure 7

- 15 - FS 1390C0OG nould was 5 kg and the total 'wei ght of netal
cast using the Figure 8 nmould was 3 kg. Using a noul d-according to theg,

i nvention therefore gave a saving of 2 kg in the total weight of netal ™~
cast. 5 Referring to Fiddre 9 a cylindrFéall 3086d& sl eeve 71
tapering from75 nminner dianmeter at the top down to 40 nminner dianeter

at the base is fitted with a circular ceramc foamfilter 72 of 55 nm
di ameter hel d Moy sl aas iy kheangpbheqtadal wefighfecofametalrTidsdi ceve is

located in a safihgmud Fgrehs theh18hRas! sexg. 71uBhay dewmoligy sol e neans
of entry for netahﬁgnto noul d CaVItX 74 m?éch I.s used to produce a plate
casting measurdGRPTA NG AP Lhe cHRY@NELeR; therpfAregave a saving  ypep

mol ten iron wasf WgEdin nfive thetitedetghteovemetadschgtlill the noul d ‘
cavity and the sleeve cavity, the total weight of netal poured was 16.3 kg.
After the plate casting had solidi- fied the casting was renoved fromthe
moul d and 20 t he feedefewrsikgotéeligife 92anuydfindird caldrface of the

pl ate was et dly & SIATH % FREF PRLCPLBACZ5 Bl i ANS A dudyseted by 2

dye penetration techni que. | usi'ons “were present.” "For conpari gon
a simlar castitndhsastqp otawedtend@ m8 inngpuddametiengad dheue, a runndw

systemand a figRderis fitted with a circular ceramic foam filter
72 of 55 mm diameter held in place by the tapered x;)
10 sleeve wall. The sleeve is located in a sand
mould 73 such that the sleeve 71 provides the sole
means of entry for metal into mould cavity 74 which
is used to produce a plate casting measuring 26 x
26 x 3 c¢cm in.ductile iron.

15 When molten iron was poured into the
feeder sleeve so as to fill the mould cavity and
the sleeve cavity, the total weight of metal poured
was 16.3 kg. After the plate casting had solidi-
fied the casting was removed from the mould and
20 the feeder was knocked off. 2 mm of the surface
- of the plate was removed by a skimming operation —’
and the plate was inspected by a dye penetration
~ technique.  Very few inclusions were present. For
comparison a similar casting was produced in a
25 mould having a sprue, a runner system and a feeder
lined with a sleeve of refractory heat-insulating
material 75 mm in diameter and 100 mm in height.
The total weight of metal cast was 23.15 kg which
is 6.85 kg more than the weight cast when using
30 the feeder sleeve of the ihvention. Furthermore, -
examination of the plate casting by the dye pene-
tration technique after removal of 2 mm of the



lined with a sleeve of refractory heat-insulating material 75 mmin

di aneter and 100 nmin height. The total weight of netal cast was 23.15 kg
which «d-s 6.85 kg nore than the weight cast when using 30 t he feeder

sl eeve_pof the invention.: Furthernore, exam nation of the plate casting by
the dye pene- tration technique after renoval of 2 mm of the - 16 -

FS 1390C0OG surface reveal ed the presence of 18 runber of i ncF8sil388C0G
Referring to Figure 10 a sand nould 81 for producing a plate casting has a
mould cavity 5 82 and a sprue 83 having an upper part 84 and a | ower
part 85. The |ower parifag® ireviealest the presence 6bHracnumbprhofias

| ongitudinally exteqqkqng%ﬁggses inits lateral surface and the recesses
formribs 86 on the surface of the nmould nmaterial 10 surroundi ng the

| ower part 85. A sleeve 87 having a ceramc foamfilter 88 fixed therein

as.shown in Figure 4 is insertiFdriihd eo |PVgiratd 85sehdt RBusEr e 83 and
is held firmy in place by the ribs 86. In use, nolten netal i oyred into

. is p
t he upper 15 par 084 p¥odUed ngy 4, P L kPRI hiNGehaF BaBQUId: FAYAEY t he
ceram c foam figl t er g98 aindt @ tspru@ @3 Wity &% uppéer phrg B4 Bndume 11 an

| um ni l'ind d t 1 duced i it e 2 havi
Four~cyt  ndbr s 95 advelo AR, Boor F0S st BATRAED 18 PaFRER PG Ty st om

consi¥fing of a = tapered former which has longitudinally extending
recesses in its lateral surface and the recesses

\U form ribs 86 on the surface of the mould material

10 surrounding the lower part 85. A sleeve 87 having

a ceramic foam filter 88 fixed therein as shown in
Figure 4 is inserted into the lower part 85 of the
sprue 83 and is held firmly in place by the ribs
86. In use molten metal is poured into the upper

15 part 84 of the sprue 83 and the metal passes
through the ceramic foam filter 88 into the mould
cavity 82.

Referring to Figure 11 an aluminium

cylinder head casting 91 produced in a gravity die
20 having four cylinders 92 and two valve ports 93

per cylinder has a running system consisting of a

-sprue 94 connected via runner bars 95 and ingates

96 to the cylinder head and three cylindrical

feeders 97 and an elongate feeder 98. The casting
25 91 is produced by pouring molten aluminium into

the sprue 94 so that it flows through the running

system into the die cavity and the feeder cavities.

Referring to Figure 12 an identical
aluminium cylinder head casting 101 to that shown
30 in Figure 11 having four cylinders 102 and two
valve ports 103 per cylinder has three cylindrical



sbrue 94 connected via runner bars 95 and ingates 96 to the cylinder head
and three cylindrical feeders 97 and an ‘el ongate feeder 98. The casting 25
91 is produced by pouring nmolten alum niuminto the sprue 94 so that it-

fl ows through the running systenlint? the die cavity_gn eeder .,

cavities. Referring to Figure 12 ai ldefiti cal aluninigniﬁéﬁﬁﬂéer head

casting 101 to that shown 30 in Figure 11 having four cylinders 102 and

two val ve po Iy aCYl4i r t e .cvlq i cal - 17 -

FS 1390C0OG fgéggégglggﬁﬁ’1(}4%%6’1&2%%%%{@?@éoing'gééggegﬁs?ei% but no

runni ng syst &@b Putonot susndmgtsystean. t Rr tasttogpuodectionony sl eeve nade

i n bonded fi u on- fi by td . ragct materi al and .
Bhe éfaggﬁnn 0yttt P‘Wi nsﬁ]ﬁ%’éﬁéﬁnéfé i 9§Mdéd

having a ceramc il'ter fixe . sl eeve at one end was
i nserted i nt §1bReusadindy nom ~fiid rpus,inaricutate preficerhgryhe central

feeder §04B phtbhealiNaed REviNY i edAPHE fosR +Btek ikt om end of the,
sl eeve containin ceramc foamfilter masyégst abo¥g§the top of

the 10
the die caviﬂ9§1$ﬁet§§s§ﬂﬁGVfOP§M£9ﬁN RS pinportedi hataokhen al um ni um
into the cavihyiter offeetier gkl t30 diwtfort pecsest hr Phghckheralieeve and

e Lt o PhBabe 148, SR e AL S O DR R Faddarg FRn S5 ot The s
kg for the cyhabhdéhehbad tiomand of theg feevdecdebadentngnidhd. 5 kg for e
runni ngasyst gl h3% ¥3%@ filter was just above the top of the - |
die cavity. The casting 101 was produced by pour- g:)
ing molten aluminium into the cavity for feeder
104B so that it passed through the sleeve and the
filter into the die cavity and the other feeder
15 cavities. The total weight of the casting shown
in Figure 11 was 19.0 kg made up of 10.5 kg for
the cylinder head itself, 6.0 kg'for the feeders
and 2.5 kg for the running system. The total
weight of the casting shown in Figure 12 was 16.5
20 kg thus resulting in a saving of cast metal of
2.5 kg compared with the Figure 11 casting.



wei ght of the casting shov(/n in Fi gure 12 was—16:5 207 kg thus resulting

in a saving of cast netal of, 2.5 kg conpared Figure 11 casting.
-18 - . FS 1390C0G -CLAI Nﬂ‘ ‘de for metal casting
conprising a nould cavity and a spru »directly with the nould
cavity and having located in the sprué a sleeve of refractory materi al
having a ceramc foamfilter fixed therein anq | ocat ed adj acent EEe !gﬁ&é
end of the sleeve. 2. A noul d accordi ng €A aim1 forned —3.
A moul d according to Claim1 wherein the nould is a netal die. 4. A
mould according to Cdaim 2 or Claim 3 wherein the sprue has protrusions
for. holding the sleeve in position. 5. A sl eeve of refractory
material for use i nCRAEM8I d for casting netal according to Clains 1 to 4
having a ceramc foamfilter flxed therein and | ocated adjacent the |ower
end of the sleeve. 6. A sl eeve according to C,aim5 wherein the
filter is |ocated al+l east 0A5MARWG FR% hEeFBgeFaEﬁ'&nSf qomprdsdage a /mould
A sl eeve accordi ng tavitg nakdwher epruehecbmhtifi caBihgcaiitbctily eddthl €he
fromthe | ower end of ige s| eeve
mou cavity ‘and having located in the sprue a sleeve
'C..:‘ : of refractory material having a ceramic foam filter

fixed therein and located adjacent the lower end of the

_ sleeve.
o
2. A mould according to Claim 1 formed of sand.
3. A mould according to Claim 1 wherein the mould
is a metal die.
4. A mould according to Claim 2 or Claim 3
wherein the sprue has protrusions for holding the
sleeve in position.
5. ~ A sleeve of refraétory material for use in a
mould for casting metal according to Claims 1 to 4
\_) having a ceramic foam filter fixed therein and located

adjacent the lower end of the sleeve.

6. A sleeve according to Claim 5 wherein the
filter is located at least 0.5 cm from the lower end of
the sleeve.

7. A sleeve according to Claim 6 wherein the
filter is located at least 1 cm from the lower end of
the sleeve.



-19 - 'FS 1390ngigb______4¥s+eeve—according to any one of

Caine 5 to 7 wherein the filter is |ocated above the | ower end of the

sl eeve by a | east 10% and no m“‘“ﬂﬂm‘\g‘ﬂﬁ he hei ght of the sleeve. 9.
A sl eeve according to any one wherein the sleeve has\gge
or node | edges on its inner surTaée tor" | ocating the filter. 10.

sl eeve according to any one -of Clains 5 to 9 wherein the filter is flxed

i nsi de the sl eeve by neans of an adhestvid ~11. A sl ecB8 33%0€96ng to
any one of Clains 5 to 8 wherein the sleeve is fornmed integrally with the

filter by formng the sleeve around the lateral surface of the filter. 12.
A sl eeve according to any one of Claims 5 to 8 wherein the filter is

Ilnserted '3 ]Efsa S|deeveAduubaste][ralauaﬁaiugetaf ah eofﬁéeezecmﬂméhs vel ¥y of t he

sl eeve is defo ne ar ilter ;to e fi ositjon

A sl eeve accoM eﬁflf‘oqé}fy %fh ¥ &fallr?é:a‘g‘etdg %b%%rt*‘ﬁ lll‘?(‘! I o forrred

in two parts, thee slebvel lpach peasti 30%i and no adrecehezn t76% fof t theand t he

| at er al surfa%%qghmggg Ehgtgie Jeseal ed. 14. A sl eeve according to any
[ t

one of C ains wherein e Sl eeve has one or nore projections on its
i nner surface for holding the filter in position. - 20- FS

1390C0G 9. A sleeve according to any one of Claims 5 to 8 e
wherein the sleeve has one or mode ledges on its inner
surface for locating the filter.

10. A sleeve according to any one of Claims 5 to 9
wherein the filter is fixed inside the sleeve by means
of an adhesive.

11. A sleeve according to any one of Claims 5 to 8
wherein the sleeve is formed integrally with the filter
by forming the sleeve around the lateral surface of the
filter.

12. A sleeve according to any one of Claims 5 to 8
wherein the filter is inserted in the sleeve during
manufacture of the sleeve and the wall of the sleeve is
deformed around the filter to hold the filter in
position.

13. A sleeve according to any one of Claims 5 to 8
wherein the sleeve is formed in two parts, one end of
each part is fixed to a face of the filter and the
lateral surface of the filter is sealed.

14. A sleeve according to any one of Claims 5 to 9
wherein the sleeve has one or more projections on its A
_inner ‘surface for holding the filter in position.



15. A sl eeve

according to Caim14 mherein the projections are ribs
equal |y spaced apart around, the pérl ml surface of the
sl eeve and the ribs are tapered from n"',ﬂwn”m A sl eeve
accord;ng to any one of ‘Clains 5 to 9 hhefein thesfi has one or nore

projections on its
A sl eeve according
the sleeve is flar
17 wherein the sle
sl eeve according t
br eaker core fornme
any one of C ains

surface for holdin
moul d according to
reference to Figur
sl eeve accordi ng

described with reference to Figures 1 to 6 and 8 to 10 of the acconpanying

dr awi ngs.
=

—

| ateral surface for. holding the f||ter In position. 17.
to any one of Clains 5to é wherei n the upper. end of
ed. 18. A sl eeve accorfifig to any one of £8 3330CRG;

eve has a breaker core fixed to its base. 19. A

o any one of Clains 5 to 17 wherein the sleeve has a
dintegrally therewth. 20 A sl eeve according to
3%.0 19 wiersileevae aﬂmﬁ.ﬂmﬁprcﬂm o3¢ orhexreinmuthe

Prect iR % 5?3?%: Ay "%?ﬁﬂ Affre arownd, ne,
eerimeker of the mm faseir afi sieeve ang, the
ribsd arCtipered from bottbunt &bt tapl. y as her ei nbefore

16. A sleeve according to any one of Claims 5 to 9
wherein the filter has one or more projections on its
lateral surface for holding the filter in position.

17. A sleeve according to any one of Claims 5
to 16 wherein the upper end of the sleeve is flared.

18. A sleeve according to any one of Claims 5
to 17 wherein the sleeve has a breaker core fixed to
its base.

19. A sleeve according to any one of Claims 5
to 17 wherein the sleeve has a breaker core formed
integrally therewith.

20 A sleeve according to any one of Claims S
to 19 wherein the sleeve has protrusions on its outer

(0]

h

surface for holding the sleeve in position in a mould

sprue.

21. A mould according to Claim 1 and substantially
as hereinbefore described with reference to Figures 8
to 10 of the accompanying drawings.

22. A sleeve according to Claim 5 and
substantially as hereinbefore described with reference
to Figures 1 to 6 and 8 to 10 of the accompanying
drawings.

P

|




