1 ALUM NI UM PRESSURE CASTING This invention relates to_an inproved netal
fl ow systemor runner/gate arrangenment, for use in the production of

pressure castings nade from al um nium all oys, sucmum m excl usi vel y
in a nmolten or thixotropic state, 5 suitable for m” mmm,mm"ous forms of
pressure casting nmachi nes i ncl uding, but1 not limted.y9,..existing hot and
col d chanber die casting nachi nes. An understandi ng has devel oped

t hroughout the int er nat i onaALOMERIM @REwJRBg;As’mNst ry that it is
necessary to use nners to prevent prerrtaasl\ﬁ freezing of the nolten
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aggr egate gua poured, out % res 8L ¢ productive
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recover eI% and recycl e Lt i | oss at a
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cost of about OAU%Sa 3@ lOQ)OSU%h dHct o) , ttrrllg A Sgr hcant costs
addi t1 onal - TEETREoH time AvPbogBRarEIa e s, Mt Cel s HRkLRAd, of S
al | oy and t heetabsf atdy keabount@00rE@OOanys. [n this production, it is usual to use
oversized runners, in order to prevent alloy freeze-up, with the result that runner
20  velocities of about 10 m.sec™! are achieved. Corresponding gate velocities are
abdut 30-45 m.sec’, with the gate velocity more usually being in the range of
30-35 m.sec'. Of the aggregate quantity of melt poured, only about 55%
results in productive output. As a consequence, there is a need for an |
excessive inventory of aluminium alloy required to allow for the remaining metal
25 consumed as runner metal to be recycled. There accordingly is a high level of
excess energy consumption in heating alloy which, after casting, needs to be
recovered and recycled. Also, it is typical for there to be alloy loss at a level of
about 3% of the total tonnage poured which, on the indicated level of foundry
output, represents a loss of about 13,500 tonnes (at a cost of about AU$30M).
30 In such production, there are significant costs additional to the high level
of aluminium alloy inventory, the loss of alloy and the cost of heating, recovery
and recycling runner/gate alloy. At the level of output indicated, there may be
five furnaces required for preparation of molten alloy for casting. Such furnaces

can cost about AU$15M each, and reducing the number of these furnaces by
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and recycling runner/gate alloy. At the |evel of output indicated, there
may- be. five furnaces required for preparation of nolten alloy for casting.
Such furnaces can cost about AU$15M each, and reduci ng the nunber of these
furnaces by 2 only one, along with its ancillary equipnent, would achieve
a substantial saving in capital expendi"ture: Al so, casting die costs can

amount to ahfyondd Aoy witly its ahtillarycstiurment, aoald achievera substantigingsving n die
i fe woul d provide substantial scope for further savi n&s. _ ndﬁeg_, t he
overal | cosin ¢aRitghexpenditg. ¢ Alse, casting diescosts can; merghio RbAMEAPYeRthed i s
t he t hi nki i f aundr: ' ; '
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i nvention provides or uses, for the pressure casting of _alumniumalloy in
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Thus, accorkdrem.to the invention, there is provided a netal flow system

- 20" for use in casting alyminiumalloy, using a pressure castin chi_pe,
“wherein the netdle #resElveare provides on Yspss 18016 raeSwe Seeting 8F oul o
assenbly fAumidkemnaidy tea preesarieccastingmhohing seaviy adeioule or dielwhictavi ty,
and the conponent defines at |east part of a alhl %y fl ow atl} for the flow
of al uni ni ARMINgP 1BYierGaYHY o2 6?%@5@?"?@ ﬂe%&"‘é‘égr}b?" hiivaypiva 2ty b

al umi niggm g Ry Alodd'@ RRtABAGW Tath Anfohedie aMiyt Y Thehmietdl v @i ftenc! udes
at | east one runner and a control|ed expansion port (hereipn referred to as-

a "CEP") whaceardiag tadhe present inyestigh hasi e araegement wWhig)) detines atleast
al umi ni um -0t the AISW PANHHRhicRMtIudes at least one runner and what is referred

" to herein as a controlted expansion port or.point (CEP).
Thus, according to the invention, there is provided a metal flow system,
20 for use in casting aluminium alloy using a pressure casting machine, wherein
the metal flow system is provided by a component of a die or mould assembly
for the machine, the die or mould assembly defines a die cavity: and the
component defines at least part of an alloy.ﬂo'w path for the flow of aluminium
.alloy from a pressurised source of substantially molten aluminium alloy of the
25 machine fo the die cavity,.the_ﬂow path inc_:ludes at least one runner and a
controlled expansion port (herein referred to as a "CEP") which has an inlet
through which the CEP is able to receive aluminium alloy from the runner and
~ an outlet through which aluminium alloy' is able to flow from the CEP for filling
the die cavity, the cross-sectionai area of the inlet of the CEP is such that the
30 alloy is able to attain a flow velocity'therethrough which is in excess of 40 m/s
and not more than 120 m/s, and wherein the CEP increases in cross-sectional
area from the inlet to the outlet thereof to cause substantially moiten alloy
received into the runner to undergo a substantial reduction in flow véloc_ity in its
flow through the CEP whereby the aluminium alloy ﬂoWing through the CEP



an outl et through which alumniumalloy is able to flow fromthe CEP for
filling the die cavity, the cross-sectional area of the inlet of the CEP
is such that the 30 alloy is able to attain a flow velocity therethrough
which is in excess of 40 ms and not nore than 120 mls, and wherein the
‘CEP increases in cross-sectional area fromthe inlet to the outlet thereof
to cause substantially nolten alloy received into the runner to undergo a
substantial reduction in flow velocity inits flow through the CEP whereby
the alumniumalloy flow ng through the 3 attains a sem-solid or

thi xotropic state which Is retained In filling the die cavity, the outlet
of the CEP havi aniﬁs g lsemBsSliaQ tixviopier stateswhich ishmetainddeindillingythé idigncavityl oci t y
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of a die or nouletof vy for the machine, the die or nould assenbly
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m/s and not more than 120 m/s, and wherein the CEP increases in cross-
sectional area from the inlet to the outlet thereof to cause substantially molten
alloy received into the runner to undergo a substantial reduction in flow velocity

20 in its flow through the CEP whereby the aluminium alloy flowing through the

CEP attains a semi-solid or thixotropic state which is retained In filling the die

cavity, the outlet of the CEP .h.aving a cross-sectional area such that the alloy
flow velocity therethrough is from 50 to 80% of the alloy flow velocity through
the inlet of the CEP. |

25 Additionally, the invention provides a process for producing cas_tings of
an aluminium alloy, using a pressure casting machine having a pressurised
source of substantially molten aluminium alloy and a die or mould assembly
defining a die cavity, whereln the process includes the steps of causing the alloy
to flow from the source to the die cavity along an alloy flow path defined by a

30 component of the die or mould assembly; causing the alloy, in its flow along the
flow system, to flow through a runner and through an inlet end of a controlled
expansion port (herein referred to as a "CEP"); and causing the alloy, in its flow
through the CEP to an outlet end of the CEP, to decrease in flow velocity,
whereby the alloy is caused to attain a sufficlent flow velocity at the Inlet of the



25 Additionally, the invention provides a process for produci ng castings of
an alum niumalloy, using a pressure casting machi ne having a pressurised
~source of substantially nolten alumniumalloy and a die or nould assenbly
defining a die cavity, wherein the process includes the steps of causing
the alloy to flow fromthe source to the die cavity along an alloy flow
path defined by a 30 conponent of the die or nould assenbly; causing the
alloy, inlIts flow along the flow system to flow through a runner and
through an inlet end of a controlled expapsion port (herein referred to as
a "CEP"); and causing the alloy, inits fllow through the CEP to an outl et
end of the CEP, GEPdmdtmseergOfa substaritielc redyctionvinethab flowheeledity dy fissflavaused
to attalnasuff f SAHy to
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inlet toits exit. 5 The outlet end or exit of the CEP may, and preferably
does, define an inlet to the die cavity. However, in an alternative
arrangenent, the runner of the netal flow systemnmay term nate at or
adjacent to an. Inlet to the die cavity. In that alternative arrangenent,
the netal flow systemmay Include a portion of the



die cavity at or adjacent to the runner outlet, with that die cavity
portion defining 10 at |east part of the extent of a CEP fromthe outl et
towards the Inlet of the CEP.. However, In a further alternative
arrangenent, the CEP may be internedi ate the ends of respective runners.
The first runner Is upstreamof the CEP in,the alloy flow direction, and.
a second runner is downstream of the CEP i that direction. That s, the

first runner pr®vedestodhe SEM.| Overtthe tdngth of thé cep odriife second

runner provides ghlayofd A (%ég%m%%)ge (?é)?lgt of .t he gEdgﬁto t%%ﬁgitét&%aéléfy: n
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t hrough the | nl EQW 8¥eqinR andm seeand dunnen istdawinstrémm ofiER GER Ingthatedigction, eXi t
flow vel ocity. Thitss diotiist RARYEHRRIS dIBP 18k (A Blet JBIQIQN §0 the
runner and gate &roéﬁm ement s. of e_current systens, and resul foma
difference in the SE BIVIdgH Aoy flavsfrera the x4l Hie CEBtatendic thetyS In
Irespect ive arraﬁgkﬁﬁh@mltéﬁaﬁse,tmblisé@nﬂhm{@agm%@mﬂ,@g% d,lg,gnge%@orpwgigﬁe of
esser Cross-s n A respondi ng runner, the present
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i nvention can have_a ‘greater cross-sectional area
than the correspondffdgnetanfey spstemsnaend bba forpsplosRgabr bo@rdCEPmetdd t he
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é@ proporﬂon of the aluminium alloy flowing through the die cavity is In- a semi-solid

- or thixotropic state. For this purpose, the arrangement preferably is such that

the aluminium alloy metal flow velocity through the infet end of the CEP is in

excess of 40 m/s, preferably in excess of 50 m/s, such e;s from.80 to 110 mv/s.

. The flow velocity at the outlet end of the CEP generally is from about 50 fo

25. "about 80%, preferably from 65 to 75% of the inlet end velocity. The outlet end

velocity may be in excess of 20 m/s, preferably in excess of'30 m/s, such as

from 40 to 95 m/s, and most preferably from about 40 to 90 mis. These
velocitles are much greater than the values of the current systems.

In addition to the inqreased alloy flow velocity through the runner and

30 CEP able to -be provided in the system according to the Inve.n’don, it will be

| noted that the alloy flow velocity through the Inlet of tﬁe CEP exceeds that of the

CEP outlet end or exit flow velocity. This Is the converse to the situation

obtaining with the runner and gate arrangements of the current systems, and

results from a difference in the cross-sectional -area relatioﬁshlp'between. the



the runner while the converse is able to be achieved in the systemof the

i nvention. In such runner/CEP arrangenent according to the invention, the
CEP can be defined by a termnal portion at the die cavity end of the
runner. That 10 term nal portion can be relatively short in_.the direction
of alumniumalloy netal flow, such as up to about 5 mmin |ength. However,
in nost instances, a CEP may be nuch Ioﬁger dependi ng on the size of the

casting to beesmgve EBitihgemenSEP TRBY, HANE tie BBERNsysRrh® ulisd @aééteA'Qf mm
but it generally is up to about 20 mm for exanple 10 to 15 in |length.
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provided by the shape of a portion of die cavit I's, there may
sinply be a FARAERONARG FINMET §ESE- Sﬁﬁt'QFh@PSt@@m/@ﬁﬁeo(ﬁE detkeformer casg.her a
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as indicated above, ow pat ave a run romwhi ch
alloy flows the eunnes \omR ﬂaihﬁoavesefi‘:@@bleum&e aghiemeidcin thiel Qgsterﬁla)‘vﬁ]ef rom
the CEP to thgfiig,cavity. In such two-part runner arrangenent, the second
runner pref erab y has a cross-sectional area which is not |ess, and nost
preferably is | argesuch hamerfER aussgerawiti antardiag da thd inveatianytthetCERd. of

the CEP and [ [ flow of - a.LI y from
the Cep t ot Re oBcrengay, Bl obfrita R3S SEh P Brfneitingr vy 2
portion &0 tkemiha podidrt gan bdﬂeelamiyc gharioih theehremcemﬁ aumznabbisy trietal
production o a S |n}e tg .t edle i ng.
However , vvheEI%&t %ﬁéhécp Oﬁk H‘r? &% Ow?m{ngy@%tt'ﬂ%a??ﬁfeﬁt%%
enabl es i ndi maytbe muel lorgrer, dapeadiol onals@suztefmétt&ysémng e dadeavehugpae t han
one flow patp havi n ect.i r nneré} ngenent B each
runner and i g&l &aWi.aglleH%thf fa tzﬁé %ﬁ&égﬂ}mo CE'FPSR}er?@V g ”pct8rﬁﬂ5’h'té
cavity or tomr&wpexanirm@ dicetcans tym, Rariehgttl ar}Hcywd'a\narI e dmtdliterntiase, -
wher e ea:ezg IS bert] en res%fﬁitl ve fi [s and seco runners, as gbscussed
Above, - aio1 cAlTGBR  FEUHST SRR AL P ST EARaE B MRy R Griogbond ¢ he
6 outlet endieafavity, sm@EiHerraguiead €BHA bemggrratitigd by tive a\arhercﬁ@tpo@ﬂibméf tael oy
flowinto th SYS ;emTr;I' us, ﬁl | east .eaf:h second runn maé Pe.deLi ned
along a part c Vi at'is, there may simply runner, with no gate in the-
conventlonal sense; but rather a notional CEP defined within the die cavity by
the mould or die. However, as indicated above, the flow path may have a first
20 runner from which alloy flows into the CEP, and a second runner to which alloy
flows from the CEP to the die cavity. In such two-part runner arrangement, the
second runner preferably has a cross-sectional area which is not less, and most
preferably is larger, than the cross-sectional area of the outlet end. of the CEP
and, hence, does not provide a constriction to flow of alloy from the CEP to the
25 die cavity.
Where the CEP opens to, or is defined by a portion of the die cavity, the
system of the invention enables the production of castings by direct injection of
alloy to the die casting. However, where the CEP is between respective
runners, the invention enables indirect injection. In each case, the system may
30 have more than one flow path each having a respective runner/CEP
arrangement, with each runner and its CEP providing for the supply of alloy to a
common die cavity or to a respective die cavity. Particularly in the latter case,

where each CEP is between respective first and second runners as discussed

above, at least each second runner which provides for alloy flow beyond the



pl ane between two die tool parts which define each die cavity. According to
the present invention, where an actual CEP is provided by a 5 termnal end
portion at the die cavity end of the runner, it can be a sinple

enl argement which tapers to increase in cross-section beyond the runner.
The actual CEP preferably is of round or rectangul ar cross-section. A
channel defining a runner providing aIIQy flowto the inlet of a CEP,. that

is, afirst puiieind ofGRNCIER rhiy\eabnd HA¥RVEFroni 4 dirsctiRhesfeibgdowhato thee
channel has severe changes of 10 direction to encourage turbulence in the
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| ndeed, sonme of the better results obtained, in use of the system

accordi ng to the fespsding dmtherpieeentinyandien. wherg@heactyah ORif istprevidedipg er eam
runner ti S @i tyn g Lt SnhAHG ) i 4 R 15
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flow which 20 roxi mgtes to.lam r i S snpot h
boss: ble. a T REnER PaFSurn < Meted URHYY PR RRd BREIIE T,
practi celOt odikdtionste ercothageeturbdlamceirether flovapé rabdninamyaiioy & thei@idt., or

oppositely extendjng twn, _tapered tangential runners. Such .runners need to
. be carefull y)ffi‘é%ﬂb%gﬂ"leﬁ chg?rbeggnqyob%gr#g\[)gg EOFEHBQ} In]gl% %sit t"&? Bﬁﬁﬁ’inam al | oy
metal from t waickhwé naltesliyantimedd Ihdeedy3dbmeiof tienbdtter vandts abtainéd) irmsare fl ow
al ong the length of ,each rupner. . indicated, these and other .runners
usedgi n currgn{hep§3ésé?'?"c%CC8F(ﬁn%\fl%F@‘?S%Vﬁnﬂﬂn’agqvﬁevt'l'%gzﬁlfﬂrﬁ'efnﬂ MYChERal from
freezi ng andupgtfeain r@sdrtportidiegx@inde 4 ishert tdistadve bewinalt ity @lngtibewithuaner and
gate flow velocities. I—g.wever due to the r nners bei ng oversized and
pidiRAi 9

necessi t &t i n§PUNLHA®E FASine 2 RY0d 5ng s ARTreaMBYE o 30 feed nol ten
alloy to them thehe/QbdE anmnBegtingvEsghd tabuleate th tivesininivs andyt meta! ug)
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need for sucfun@erphsxgard dieh@tuvehtysystnge afdidesignetyst mimmisandgrbarabees t he
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20 approximates to laminar flow or which is as smooth as possible.
At least for larger aluminium alloy castings, it is current practice, to utilise
a chisel, fangate or tapered tangential runner, or oppositely extending twin
tapered tangential runners. Such runners need to be carefully designed in
order to achieve a smaoth flow of aluminium alloy metal from the shot sleeve to
25 the gate in each runner and to ensure flow along the length of each runner. As
indicated, these and other runners used in current practice' are oversized in
order to avoid molten metal from freezing and, as a result, they give rise to the
relatively low runner and gate flow velocities. However, due to the runners
being oversized and necessitating a correspondingly large piston/shot sleeve to
30 feed molten alfloy to them, the volume and hence weight of solidified biscuit
(slug) and runner metal is substantial relative to the casting volume and weight.
The aluminium alloy metal flow system of the present invention obviates
the need for such complex and relatively large runner systems, and enables the

runner metal to be small relative to the current systems. That is, the ratio of



'7 runner netal weight to aluminiumalloy product weight with use of the
present invention is substantially better than with use of current
systens. Thus, the inventory of alum niumalloy required can be
substantially reduced, as can the energy level in nelting alloy which,
after casting, needs to be recovered and 5 recycled. Also, while the
‘percentage |oss of alloy during remelt/hdlding.is about the same as with

current syst gEnd3Htal Rntb‘?gﬂt% uceﬁi‘ﬂrdaﬁl dcﬁb;hr%dﬁ& \K/&gh'd \Rn]ﬂ‘n Ufér- %F‘tqet S

poured being substanti all e tonna
t herefore is iRvanties p@rﬁﬂibﬁényaIWebﬁIt%dhatht usaf cyrr emtrwstamﬂaeﬂ' hue,f thehe

metal flow Sysd& @qu 5“1'-‘1'%""1‘8“ %ﬂ(wnfeg&wrgg%fan %ﬁ{&lb@&dn\ﬁgg rfAQLd »asf S {'ff? have

reduci ng the quan I ces genera
resul ted i n aenﬁeg)ghetvebfn mﬂttmgra(lbpmlmmmfwlr camtrrng:m@dlsndlb‘el resovereth amd

casting, n t rat nd re n _excess, of 50%
of ‘'t he castl r{ag)&gﬁ;dghglsgn‘gﬁi‘%@F pf Iggeréf‘:%@g/edémng ﬁemgfgﬁelpggtle aS‘Pl‘ét net al
fl ow syst em diie tshend av ewith amamabi;temst(iﬁ%)y\meghtveaﬂorilﬁs ablene résPinnigleal
. > o

Rbout 15% t o UBREerPUredo P Btanienh el B ReCoanRe & BeeR ¢

si nce thedCOSIbeerorg&CW@ésmdmg@gé&jwdomﬂmllwfthé ﬁﬂy@r&ﬁtt:iﬁliﬁ@latljlﬂéw : )
correspon_in re |.so, the present i on genera ohvi ates the
need for die ét\? @\? PY‘F’HWQ C’Uhp‘aeg@ tﬂ“r‘?@é%hod'ilz '%"b‘ﬁd? Wng terdanfiv gl e
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with current systens. Rather, the velocities are 25 obtainable with the

same casti ng hHERYGRSS AsOQreeri the, casting; weighl and 9veiml 8% dy somgi ¢asesurlpent
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r educed cross- sectional areas conmpared to _current systens. TheSe
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reduction in sprue/runner netal. However, there are inter-related factors

whi ch  enabl &ePR#. Sésc theorost Pl eRPNErngeng re-Brasessing (i deCxsind meddlds

correspondingly reduced. Also, the present invention generally obviates the
need for die cavity overflows, unless these are required to facilitate ejeetion ofa
20 casting from the die.

The higher runner/CEP metal velocities preferably used in the present
invention are a major factor in achieving these savings. However these
velocities do not necessitate larger and, hence, more expensive pressure
casting machines than are used with current systems. Rather, the velocities are

25  obtainable with the same casting machines as used in casting aluminium alloys
with current systems, and are enabled by use of metal flow systems of
substantially reduced cross-sectional areas compared to current systems.
These reductions in cross-sectional area, combined with the simple form of the
metal flow system of the present invention, are factors which enable the

30 reduction in sprue/runner metal. However, there are inter-related factors which
enable the reduction in runner metal to be further optimised.

Inter-related factors further enabling the ratio of sprue/runner metal to
aluminium alloy casting weight to be reduced are that the metal flow system of

the invention enables a high level of flexibility in choice of location of an inlet to



Inter-related factors further enabling the ratio of sprue/runner netal to
alum niumalloy casting weight to be reduced are that the netal flow system
of the invention enables a high level of flexibility in choice of |ocation
of an inlet to 8 a die cavity, in contrast to the linmted choice with a '
gate in prior art practice, and the abil8ty with the invention to produce
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castings under PR PRealed HSHEMPRETEe o TR ‘t‘%’“ﬂ“@ C 1o about 220°C, while

the aluminium alloy can be cast at a temperature of from about 610°C to about
670°C, depending on the alloy -concemed. Under such conditions, good
_' ‘aluminium alloy castings are able to be produced which are at least comparable
in quality to those produced with current systems. Under such conditions. die
cavity fill is achieved while the aluminium alloy is in a substantlally semi-solid

25 ‘state or thixotropic state.

to-

~ In contrast to the temperature. conditions used in practice with current

systems, the metal flow system of the present invention also enables production

of good aluminium alloy castings under temperature conditions in which die
cavity fill is with the aluminium alloy in a substantially semi-solid or thixotropic

30 state. Under these conditlons die temperatures can be in the range of from
about 60°C to about 100°C, with alloy metal tehpemMre around 610°C,
depending on the alloy concemed. As will be appreciated, these conditions
enable energy costs to be reduced, while the lower aluminium alloy casting



cavity fill is with the alumniumalloy in a substantially sem-solid or

t hi xotropic 30 state. Under these conditions die tenperatures can be in the
range of from about 60C to about 100C, with alloy netal tenperature around
610C, depending on the alloy concerned. As will be appreciated, these
conditions enable energy costs to be reduced, while the | ower alum nium
alloy casting 9 tenperature can assist 9n maintaining alloy conpositional
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e able to be,cast, usjn e a ow syste the 15 presen
Pnvention, | ALYiRSeAUSHRlin1ie fviLrange o* servalonaliabimbli gie Gestpalewsyond ¢ he
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dependi ng on2P: df 3% fynd; that @b deqsh geaspnablenigy good walityngastingg sanpke f r om

about 5 to apRducdd Wi aRHfiMumSalldyRMbPsdRe 2eridH winbll de ailir @hhMedOagbout 10
to 15 mm It rra%)} be convenient for a CEP to be of circular cross- section.

However , ot h#teoreaslise lleysrssing eHredd PeassHfeccasting exttemgulbxpmplas djéhe used,
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enters the die cavity. A CE %/ have an axis or centre. |li'ne which is
strai ght15 HoResept ingentiep, ipglHde alloyseefihe 6000 $RIiRS. an arcuate or bent axis or

25 centre |ine, wf&msfémﬁ,%yfeﬁ& tRe ]g&gm%@gnmmatn@ﬁu&@emn %Hggy flow

t her et hrough. The di nensions and"formo can vary I n accordance with

a section from its inlet end to its outlet end, can vary substantially. The length of
a CEP is variable, depending on the size of the casting to be made. The length
can be from about 5 to about 40 mm, such as from 5 to 20 mm, and p.referably

20 about 10 to 15 mm. It may be convenient for a CEP to be of circular cross-
section. However, other cross-sections such as square or rectangular can be
used, depending largely upon the casting design and where the flow from the
CEP enters the die cavity. A CEP may have an axis or centre line which is
straight. However, a CEP can, if required, have an arcuate or bent axis or

25  centre line, such that it provides a change in direction of alloy flow therethrough.

The dimensions and form of a CEP can vary in accordance with a
number of variables. These include the size of castings being made; the type,
size and power of the machine being used; the particular aluminium allioy being
cast; the location at which alloy flows into the die cavity, and whether or not at

30 least a portion of the CEP is defined by a region of the die cavity; and the
microstructure being sought.

These variables can make it difficult to determine the suitable form for a
CEP for a given casting to be made, at least if there is to be substantially

complete control over that microstructure of a casting to be made. However,



" nunber of variables. These include the size of castings being nmade; the
type, size and power of the nmachine being used; the particul ar alum nium
all oy being cast; the location at which alloy flows into the die cavity,
and whet her .or not at 30 |east a portion of the CEP is defined by a region
of the die cavity; and the - mcrostructure being sought. These vari abl es
can nmake it difficult to deternine the stitable formfor a CEP for a given
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solidified 'ébp}l ngloq;l:l)s r&iﬂ?ﬂela drs ac%&gt'ag ' L PSwVer, tl%{%désc%e is nott ?mqed to
applications where that casting microstructure is required or acceptable since,
' 20 as detailed herein, it is a microstructure able to be modified by heat treatment, if
this is required for other applications. '
The specific microstructure for a CEP is one which, in axial sections
) _ through metal solidified in the CEP, exhibits striations or bands which extend
transversely with respect to the direction of alloy flow through the CEP and
25  which result from alloy element separation. A CEP able to achieve such
microstructure is one capable of generating intense pressure waves in the alloy
" in its flow through the CEP. The bands, which may extend laterally across
substantially the full width of the CEP and along substantially its full fength, are
found to have a wavelength of the order of 200 pm. Also, the separation of
30 elements is found to result in substantial separation of primary and secondary
phases, with the primary phase present as fine, rounded or spheroidal
degenerate dendrite particles substantially less than 40 pym in size, such as
about 10 pym or less. Thus, for example, 'with an aluminium alloy having

magnesium as its principal alloy element, such as the alloy CA313



transversely with respect to the direction of alloy flow through the CEP
and 25 which result fromalloy el enent separation. A CEP able to achieve
-such mcrostructure is one capable of generating intense pressure waves in
the alloy .in its flow through the CEP. The bands, which may extend

| aterally across substantially the full width of the CEP and al ong
substantially its full length, are founttto have a wavel ength of the order

of 200 pm Al naf i 3Q, el s.l.s, tound esult |
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l ess. In contrast, the magnesiumrich bands are.’sfo nd to be richer in
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cavity and back along the flow path into the CEP, to provide a resultant casting

20 having a microstructure characterised by fine degenerate dendrite primary

particles in a matrix of secondary phase, alloy solidified in the CEP has a

microstructure in planes parallel to the flow direction characterised by striations

) or bands extending transversely with respect to the alloy flow therethrough, with

the bands resulting from alloy element separation, and with alternate bands

25 relatively richer in respective elements and respectively in primary and
secondary phases.

The invention also provides a process for producing an article by high
pressure casting, wherein substantially fully molten alloy is supplied under
pressure to a metal flow system for flow along a flow path defined by the system

30 to adie cavity defined by a mould or die; the flow path is defined at least in part
by a mould or die tool component; and wherein the component is formed to
define, as part of the flow path, a CEP which, from an inlet end to an outlet end
thereof, increases in cross-sectional area whereby the state of the alloy in its

flow through the CEP is modified to achieve a semi-solid state possessing



particles in a matrix of secondary phase, alloy solidified in the CEP has a
m crostructure in planes parallel to the flow direction characterised by
striations or bands extending transversely with respect to the alloy flow
t heret hrough, with the bands resulting fromalloy el enent separation, and
with alternate bands 25 relatively richer, in respective el enents and '
respectively in primary and secondary ﬂ ases. The invention al so provides
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conveni ent | y',nFeE%téq %Lhﬁ%?Bei‘??‘&%%'r?%i'i@"%‘ﬁ?’rﬁ’ﬁs'gg‘i?pﬁ%g‘lfér g%%ﬁl’lg‘gé? %gsc}ri%l et end
of the CEP, shortefistbhes dowonstrehrh frqm, thd inkeeefdotthe e est abl i shed at, or a
| The pressure casting machine with which the metal flow system of the
20 invention is used can be of a variety of different forms. It may, for example, be
a hot- or cold-chamber high pressure die casting machine having a nozzle from
which alloy is able to be injected into the metal flow system, for flow along the
flow path of the system and through the CEP of the flow path, to the die cavity.
Alternatively, the machine may be of the Thixomatic type, such as disclosed for
25 example in U.S. patent 5040589 (herein patent '589 to Bradley et al), in which
alloy is advanced along a barrel to an accumulation chamber at one end of the
barrel, and then ejected through a nozzle at the one end of the barrel by axially
advancing the screw. From the nozzle of a Thixomatic type of machine, the
alloy is able to be injected into the metal flow system, again for flow along the
30 flow path of the system, through the CEP of the flow path, to the die cavity.
In a further alternative, the machine may be of the type disclosed in our
Australian provisional application (attorney reference IRN642429), entitled
"Apparatus for Pressure Casting" filed on 23 August 2001. The disclosure of

that provisional application is incorporated herein by reference, and is to be



short distance downstreamfrom the inlet end of the CEP. The pressure
casting machine with which the netal flow systemof the 20 invention is
used can be of a variety of different fornms. It may, for exanple, be a
hot - or col d-chanber high pressure die casting nmachine having a nozzle from
which alloy is able to be injected into the netal flow system for flow
along the flow path of the system and t1ﬁrough the CEP of the flow path, to

the die cavifeyd aé\lfbaﬁmgt pmlor, trrehe.smeerhrlenefw mesét hbentbhi xqRegbe type,
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m crostructure iS indicated as having fine degenerate prinmary particles in
a matrix ofarededinetadyaphaviag oamenhfrethehershebisipeper tefletting usss of ahentd-40 m

such as chamber die casting machine. With use of a hot-chamber machine, this influx

of larger dendrites can be avoided, providing a casting with only fine primary
20 patticles less than about 40 um. However, even with use of a cold-chamber
machine, the volume fraction of such larger particles can be kept to a relatively

low Ievel..
A conventional hot-chamber die casting machine is not suited to use in
pressure casting of aluminium alloys, due to its components being attacked by
25 the alloy. Thus, this type of machine enables practical avoidénce of larger
dendrite particles only in so far as new materials not attacked by aluminium
alloys are used or become avaitable. However, a machine of the type disclosed
in our above-mentioned provisional application (IRN 642429) provides an
alternative form of hot-chamber die casting machine and, as it is amenable to
30  manufacture of materials not attacked by aluminium alloys, the use of its
machine does enable avoidance of larger dendrite particles. Thus, use of the
present invention in a machine as disclosed in that provisional application (IRN
642429) enables production of castings, by high pressure hot-chamber die

casting, which are substantially free of primary dendrites in excess of 40 pm.



15 about 10 mor less. However, it also is indicated that sone |arger
dendrites ranging up to about 60 to about 100 m can be present. Those

| arger particles are indicated as having cone fromthe shot sl eeve,
reflecting-use of a cold- chanber die casting machine. Wth use of a

hot - chanber nachine, this influx of larger dendrites can be avoi ded,
providing a casting with only fine pri mdfy 20 particles | ess than about 40
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inlet end of the instances, the outlet flow velocity may be

about two- t FEFHEIgoY ﬁ%teFIfBWmaevéFBCff‘l'ﬂ} thg ofipuf fiew relacity fori the mashipe-end such
that, wth amusUor &l mhétine pAdVediRd a relatively low output flow velocity, such as due

to a low piston velocity, the inlet and outlet cross-sectional areas of the CEP will
20 need to be small, resulting in an extended flow time.

‘With use of a metal flow system according to the present invention,
having a CEP in which solidified alloy is able to exhibit a microstructure
characterised by striations or bands resulting from alloy element separation, it is
believed that the microstructure obtained in a resulting casting is unique. That

25 microstructure is broadly detailed above, in terms of it having fine, degenerate
dendrite primary particles in a matrix of secondary phase, with the primary
particles less than 40 pm but with some larger dendrites up to about 100 pum
coming from the shot sleeve if a cold-chamber machine is used. The primary
particles not only are small, frequently about 10 um or less, but they also are

30 evenly distributed. Moreover, the microstructure is able to be obtained
substantially fully throughout a casting produced by the process of the present
invention. A further more important factor is one which results from the alloy
element separation which occurs in the CEP under the conditions which cause

the alloy to achieve a semi-solid state possessing thixotropic properties. It is



about 60 m's, the flow velocity at or upstreamof the inlet to the CEP may
be about 90 mis. The nmachine with which the netal flow systemis used
needs to have an alloy output flow velocity which is consistent with these
requi renents 15 or, for a given machine, the netal flow system needs to
‘have a CEP with inlet and outlet end cross-sectional areas which are
consistent with attaining the required&lowrates for the CEP fromthe
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variation in alloy elements from the core or centre of the degenerate dendrite
20  particles which, instead of being gradual and substantially uniform, is more of a
decaying sinusoidal form. Thus, while the core or centre is richer in aluminium
and relatively low in the secondéry element, the secondary element first rises,
3 then falls and thereafter can rise again in directions outwardly from the core or
centre. Thus, with an aluminium alloy such as CA313, the particles are low in
25 magnesium at the core or centre but, from there, the magnesium content initially -
increase relative to aluminium over about an initial third of the radius of the
degenerate dendrite particles, then decrease relative to aluminium over about
the second third of the radius, and thereafter increase again to the outer
perimeter of the particles. This modification occurs in the CEP, and is able to

30 be retained in primary particles with flow of the alloy into the die cavity.
The fluctuating ratio of aluminium and secondary alloy elements in the
degenerate dendrite primary particles results from the conditions generated by
the CEP. Computer simulations of flow conditions through a CEP generating a

striated or banded microstructure indicate that, with flow of alloy through a



surroundi ng nelt decreases. Thus, the growi ng dendrite exhibits a graded
ratio 10 of alum niumto secondary elenent fromits core or centre, with

al um nium decreasing and the secondary el enent increasing in _
concentration. Thus, with an alum niumalloy containing nmagnesi um such as
the alloy CA313, nornal dendrite growth gives rise to dendrites which have
an alum niumrich core or centre but vwBich, fromthe core or centre, have
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t he |nd| cated flow rates through the outlet of the P, intense pressure
waves are gdéjn’é'i”at ed in the alloy. The sinulations indicate that the
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drawings.

20 Figure 1 is a perspective view, from the engine end, of a conventional die
cast aUtorﬁotive transmission case;
Figure 2 is a perspective view of the transmission case of Figure 1, taken
from the gearbox end; |
Figure 3 is a schematic side elevation of a production casting as in
25 Figures 1 and 2; |
Figures 4 to 9 correspond to Figure 3 but show respective experimental
castings of transmission cases as in Figures 1 and 2, each produced with a
respective experimental metal flow system according to the present invention;
Figure 10 is a longitudinal sectional view illustrating a trial casting. of
30 complex form, using a metal flow system according to the present invention;
Figure 11 is a plan view of part of a die for pressure casting of aluminium
alloy, illustrating a metal flow system according to the invention; '
Figure 12 is a sectional view taken on line A-A of Figure 11;

Figure 13 is a sectional view on line B-B of Figure 11;



The conputer sinmul ations therefore point to pronounced separation, with
novenment of a | ess dense elenent to high pressure pul ses and of a higher
density elenment to | ow pressure pul ses. Mreover, the conputer sinmnulations
suggest that the intense pressure waves w | | have a wavel engt h of about 40
m 10 This is found to accord very closely with results achi'eved in
practice. As indicated above, it is fodid that for alloy solidified in a
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is made to arran%errents illustrated in the acconpanying draw ngs. 20

Fi gure 19 s 'gv Epect ive view, fromthe engine end, of a conventional die

cast autonotive tH@eM7ISEiPPlahIfsy oFbgiél’sﬁng?[)io‘éiu@ed)sz&ﬂéﬁ?\b'tMQhé-!' pRéept the
transm ssion case of Figure 1, taken from gearbox end; Figure 3 is a
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castings of transnission cases as in Figures and 2, each produ

respective digethadiatiapl. inkeaonfingf- E)Péf&wfaézor ding to the present
inventiqg;, Rt r,%e%@allg(a Hngi tudi nal sectional viewillustrating a trial
casting. of rm using a netal flow system according to the
~present inventi orﬁ tﬂ&ltl andelCtPﬂ fosexplgreatheviragticebiliapt cagting ah alungniupy essur e
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sectional view't rq]gaken on
15  automotive transmission cases from CA313 aluminium alloy. For this, six

experimental flow paths were machined into respective cast runners which had
~ been trimmed from production castings, to form six different metal flow systems
according to the invention. By placing each of these runners, with its machined
flow system, back into the die casting tool of the Ube casting machine, and

20 casting through each flow system, respective transmission cases were cast.
The runner/CEP shapes were designed to enable evaluation and comparison of
various ways of directing the molten aluminium alloy into the die cavity by

~achieving high speed alloy flow through each runner/CEP before injection into
the die cavity.

25 The transmission cases were comparable in quality, and in one case
superior, to production castings made with a conventional tapered .tangential
runner system which produced the trimmed runners subjected to machining. As
detailed below, each experimental, machined flow path providing one of the six
metal flow systems according to the invention was much smaller in cross-

30 section and mass, demonstrating that it is possible and practical to produce
large aluminium alloy die castings using flow systems which result in
substantially less remelt from each casting, without loss of quality.

As indicated above, runners were obtained from normal production of six

high pressure die cast aluminium alloy automotive transmission cases produced



Figure 16 is a schematic representation of an experinental casting
illustrating alloy travel with use of a netal flow system according to the
present 5 invention; Figure 17 is a plan view of a casting produced
according to the present invention as renmoved fromthe die tool in which
it was produced; and Figure 18 is a sectl onal view of the casting of Figure
17, before renoval fromthe die tool, fidken on line E-E of Figure 17, 10

Exper i ment alugi@apiopvéntiriaftaperendandcrtial @mﬂé@b?ﬁft@mt NeighfedCt laha!s htd ¥ of
casting an alumnium  alloy product, using -netal flow systens in

accor dance VRaPPaA¥e yiexsdHm th%\?@ﬁt“ie&ﬁ‘d %@@d dmaeribey endiGugesapeativelyl 250t
high pressurg gn@l d-thbaEREMitidh cé%%‘étdra&cféqu} & Rofthal HodHB bl\é

casting plant. The trial involved castin aut onot'i ve transm ssi @ﬁ cases
from CA313 éhaﬁp%YWpaalltagereﬁéanQQﬂt@l rugnar systgvar infaaures tanshe, pae hasaner e

machi ned si nti@ ShERRSF1H YRIFRSLuF APRAES e thelftSnoRfigR 15! | Mmed fr om

production castings, or m Si X ow Systens according to
the invention. Bn m%whﬁg!&t@(md@ﬁletv%@eﬂ igueer 3 the/\ﬁmmelmmemnétahdaﬁls flow

M e iR rlon®, fbfio AR AThe Bed IF, WS GARLN W TRAMAGRCE"] 20

casting throug respective ‘transm ssi'on ¢
The runner/ Ceftabhapeas oaesfallydesnaueedrdn asnmitiee of casesahs mnFlgm@scloarpﬂm son of

vari ous ways, Iy i t I g the die cavity by
achi evi ng hi ﬁé%c(éee %c{%g?/ér{l%ocvﬁ I![‘ hn?)gnt}glh dQ%t rr'?é;P%eCE et oPe" Wfr&tl on
into tHe dlsepeemd yand2&ollehtedt reands as ss:tnown maEngerewer ¢he ongdalr 82 lvead Bujual i ty,
and in one ¢ 0 oductl n stl s made th.a conventi onal
t aper ed tangﬁ) Ox"ﬁgt%%é)n @'?ess&{)é’rﬁrwﬁ ﬁ" g‘ g%“?'heé T?%%HO'P%P? er s

“subj ected to nacfihairagpectise edpedimeathl lﬂanyath evadhirexipiato eecH ahst mmad ned
flow path ovi di one o

I e six, nmetal flow systens ac to the
i nventi on Ré%mm%h %?I%Pd'fﬂ'o& 8%%'“@0@8&*?'8%6%8 ey ag e'md?ng?er g8 ng t hat
it is possi tn:laetu@td)opdjfabélmml mtaohlpéddaﬁeecahrﬁé g@na\}vmnrmmrmmfboyasﬂmg acastings
usi ng fl1gw %?/?stems 111}‘ st an ess r%l' t from each
casting, ot ﬁsl%‘scg‘?m%ual "f"y'S Age d‘f ] Br W REFEMobt ai ned
from nor mal getadingt toothefinvainkion hhgjmgprwsmur@Amae auﬁmhuuah Wby iflowedl o0y

automotive {1 anspSRlPYiCasY. PO

o?qhe six flow paths was designed to have
reduced cross-sectional area to the die caVIty, and to achieve high velocity

metal flow into the cavity. During the trial, the settings for the Ube die casting

20 machine were not changed from their production values. For example, plunger

velocity remained as set for production cast of transmission cases using the

conventional tapered tangential runner. As a result, a higher velocity (V) for

R alloy entry to the die cavity was the product of the plunger velocity (V) and the
| ratio of plunger cross-sectional area (A,) to flow-path (i.e. new runner) cross-

25  sectional area (A,), as represented by:

Ve=Vp. (Ao
A )

Between successive trial castings, using a metal flow system according to the
invention, five production castings were made using the conventional tangential
runner system. The third and fifth of the production castings were collected for
30 examination and comparison with the trial castings.
The castihg conditions for normal production were as follows:

Ube 1250t high pressure die casting machine.



18 using a conventional+tapered tangential runner system Figures 1 and 2
are perspective views fromthe engine end E and the gearbox end G
respectively, of one of the transm ssion cases produced by a nornal
production cycle using the conventional -tapered tangential runner system
In Figures 1 and 2, the case 51is shown at 10, with its still attached
runner netal shown at. In the scht#hatic side elevation of Figure 3 the

sprue/ runner ”ﬁlteﬁlteriliﬁeﬂa&reShovm ari %g 56@ being trimred fromthe case 10. As
i ndi cated, the spruefrunner rmetal was carefully removed froma number
of cases as i nARMiNiKesallbyand 2, :pr &ABI&d in accordance with normal

production pr S .wer, separ at and col |l ected, and as
rabnyBR s (b d1Rg)° s Bt 2obr o e i

shown in Figure was Ccu appr oxXi ely on lines X-X to
provi de the collected runner netal &eoheons 140.75Tke respective
experlgent al flow path machi ned mtgﬂea h cast riﬂpner trimmred froma
producti on casting, when placed, back 5ht® the die casti ng t ool
of the Ube machi ne, then becane "a Wetulrunner/@&l%)sif )r casting a 15
transm ss' fl ow Hathﬁro ided a petal flow system

accor di ng 6‘?) Cga‘i{'?r%/‘@ﬁﬁ fi Stameo{‘} e giPe SeeRtthatdhe synmeroved t o

reach thenfe@a)lsoﬁhlﬁedimvthbme\nﬁ&mhefsfrahb@d fiboh dHRNVOIH fastoasouliesiagped to have
reduced CI 0SS sect i Onﬁ,ﬁf& eﬁé o t he |e cavit and to achi eve high

vel oci ty Mf@NpstedOe heRermgl p@gPPﬁ'ﬂj‘ %/"’}%“9% al, the settings for

the Ube die capid (Dge?(ﬁeflﬁﬁhﬂ\gl%é&wn% ad @hm%@mhfﬁu TorddUREYS L 1 on
velocity remai ned as set for production cast

val ues. For pl.ynger
of t ransn?‘?g?éﬁ??%ﬁstgg t[éj bBRganh FactoRie MNNEHSIER Wae miareddndeasliding r unner. As
a result, c@reicghrs o\f@lw%épecm fcagtmgabb&xn@r% Bdd tHeld ﬂf‘eréltfy §3pblay vas the

pr oduct of t he pl unger velocity NO and rati o of plunger
Cross- sec?’?"BH%{IOféF'éan?A%"}'aﬂb f1 ow path (| . New runner) Cross-

sectional areardspbliiveafial é:ﬁ’étﬁ‘@gﬁ'& @Qc&?&anc\érwﬁ ¥R prefbnt ifveiti )\ @:ﬁﬁ%’et he

-successive trial castings, usi n(% a netal flow system accor

i nventd oncaqh ey sRnaHGE rarediustialad seheaatigally 'tﬁsF'ﬁgfeﬁH’etQ:%n\l'@ﬁ@ﬂbnal
tangent i adasel tHeNdHapeYFtREveshaBtifdhéw raiHe/OEH B Powh PRI QHEIdPLHs cast i ngs

were collected for 30 exam nation and conparison with the trial castings.
_ However, for ease of illustration, the production runners drilled to provide
~ each new runner/CEP is omitted from Figures 4 to 9.

Each production and experimental casting was examined using X-ray
20 inspection techniques both in-plant, by production quality control personnel, and
again by a more thorough laboratory examination. The results of the
examination showed that the experimental castings made with each new
runner/CEP was comparable to the castings made in normal production. One
experimental casting contained the least amount of porosity of all castings

25  examined, including norrﬁal production castings collected during the trial run.
Sections were cut from the production and trial runner castings. Bosses
at diagonally opposite corners of the castings were removed to examine the
microstructure of the metal and the type of porosity present. The bosses were
polished approximately 10 mm below the surface and parallel to the two mating
30 flanges at either end of the casting. The polished bosses then were etched and
examined under an optical microscope at magnifications up to 1000X. The
locations of the bosses cut from each of the experimental castings for

examination were the same as for the normal production castings.



The casting conditions for normal production were as follows: Ube 1250t
hi gh pressure die casting machine. 19 Mt tenperature : 635C Al um nium
alloy : CA313 Approx ws. (neasured) : Casting : 8.7 kg Runner 0.75 kg 5
Biscuit : 2.5 kg Total :. 11.95 kg. The conditions were the sane for the
experinental trials, except that the runner netal solidified in the new
runners ranged from about 0.05 kg to a@®ut 0.13 kg, 1in contrast to the

Darg 9. Ohe e TR s O RHRARLI Sacticiba BEcilits théy @M TCh! e

used for the trials wasi oduct’i on ore ria Began.
Each new r uoordaih@Efositysiysl tadkeir thicknhss. sThaindgatesbipestiont forthe padicular
respective gasting operations and, held there a Iiberal  amount of
silicone seg?%ﬁ??.vg%g Qe 880%’3?%636%@{?3@@8(1 %'%atg’&ﬂ‘@%‘?{m?sb\ﬁ'ﬂ S{}Fﬂén pr esent
i nvention, thel mgnerlld AR kndsVa logatigT d63Pto equnhdrusidr floedtictihat®tiragal |y in
Figures 4 tp 9.

In each , case, the shape of the respectivye pew runner/ CEP
"is show? an@saﬁgioﬁrépé‘@da@ Comm@ﬂ%é%tﬁﬁsfwowii&seﬁﬁt?'frﬁméfier X6 Bma he
producti on piodnetich Gastih@d raiedbeUlskh saacdssveWekpeHMErtSIERadtigemvhsed from
Figures 4 to 9‘8855%’2 tBr oducti on and experi nment casting was exam ned using

| )
X ray 20 | P & dAi S 0B8RS B ArEpaTe g PRERAILERES HiAIhey
control perggitiplent@t@stimgi N by a nore thorough | aboratory exam nation.
The results of the exam nation showed that 'the experinental castings nmade

with each new rinbPecERPashe BRTRAYRDINe cagingRdMadis fHHeg thmlial wasnadr mal

product {®n. c&RBinafrPsf GAERPEhRabE WMEafst RiItRE thitil? bbSASEtRABUMhisqs _
porosity of all castings 25 exam ned, including normal production castings

col | ected dermmgntineastngs whare thedeasspd pse fied rewgh £rivHeh thinnsrevily i on and
y ;ista! " UnNeLedigh! inrta%- cHRRSRER0 Al PIRIYIZES WeRPRIBInTSIGhO Bﬂiﬁeééfcfiéﬁe
gs were renoved to examne the mcrostructure of the tal and the
type of por@isbdymmm dbighkt . There was Jws sigeifisantpdiffesaned kaliyeenithetere o0 nm
bel ow the sysbhaneiRRd iR3AA! d&lindLatd BrddiRtdMELLMgs, only variations in size, -
15  number and location. '

X-ray inspection of 57 locations around each casting showed that the
porosity tended to localise at the centre of the bosses and in the thicker
sections between bosses where shrinkage was most likely to occur. The
porosity commonly appeared as a collection of small gas/shrinkage pores rather

20 than a large shrinkage tear or a large isolated gas pore. Polished sections of
bosses showed that pore numbers ranged from a few to around 100 within a
boss and ranged in size from about 50 to 500um. Larger pores, 4 to 5 mm
S diameter, were sometimes found in both production and trial castings, these
tended to be at locations where the flow during cavity fill may have trapped
25  pockets of gas. | '

Of the castings inspected, one trial casting (that depicted in Figure 9) had
porosity at approximately half the number of locations com'pared to the
production castings and the porosity mostly consisted of fine dispersed
gas/shrinkage. The other trial castings of Figures 4 to 8 were of similar quality

30 tothe production castings.

Experience with current systems would lead to anticipation of more
porosity in the experimental castings of Figures 4 to 9 using the new runners,
than in production castings as in Figure 3 which had been optimised over many

years, but this did not occur. Overall the experimental castings illustrated by



30 flanges at either end of the casting. The polished bosses then were

et ched and exam ned under an optical mcroscope at nmagnifications up to
1000X. The locations of the bosses cut fromeach of the experinental
castings for examnation were the sanme as for the normal production
castings. 20 The bosses were preferentially sectioned because they
commonly contain porosity due to their 2hickness. The indicated | ocations

for the pariiqibais (POTRRS MELA HECRARNILIGN LASY AR RS RRUEATS | 0

furthernost points from the runner at both ends, oca lon close to the
runner and &Uychogdiest unaer size aleqdl ﬁ@péb@ﬂ@masm@tﬁliw commonl y cont ai ns

porosity. The tnrhg iy ifud ASIGRPRIRE Fill O GE §BGARS A9 QIResh oo

successi ve experinental cast I one ocat i ons
t'o conpar e chsting @0obas La:tfmeﬁra:ghthhmbgh ahepeel Réa)t &tbme adiichngssectine t ype of

b gas aha. SHPTL S PABhNT e HENHl ddtR s, b8 wRRe S R 3 B ™ ' "
conmmon in case:1 phge mimedianteher dndsesh ends ifh edrdspectivghCBP (aJe)oftintreasingcavi ty
section, in,this,case

, t he 20 thic 0S fed.th a cavity
section of @9 WQ%TS&?FOWWQWE%&QSE%% @‘ﬁ.@mﬁ%ﬁ%f C&F‘f%ﬁ@ ggel%'i"?ﬁéen t he
type of poswemnydﬂﬂighrerﬁ rsrsmailarctasbatrtgs:l@né A lexdéistithgtnchaanéls G, b _/)onl y
variations in sjze, a&gbj %QL tion. 5(ray| ection of 5
| ocati ons aPEUAPRAEHEANS Hga KECR R ”HBr"bQiaf‘%t?ren%SXSéemocal i se
at the ¢ent REODFlgtthGDQ%S@%m@IwchamnbhR(é)fﬁrﬁ(eEP(@e@Rh&@m thetoMRARebRSSes '

where shri nFa S nost békel ccu ._.The Eﬁrosm commnly appear ed
~as a col | ect'PdACHONSHEYaLGF! S\ét{ﬂ)r’r Qodis, eh @M spdigRgteTa | ar ge
shrinkage tear orh@alrrahg@neﬁtodfah@%w s?ﬁéﬁ} R'?ﬂ'thih@d’ lg%ﬁhuamés tQ4t ofbosses
showed t hat %gre n%‘nbers ranged froma few to around 100 within a boss and

ranged in sF'E¥% o 6 chanafl GRrEtiqngifey apd RER) arg relgtivelyghodaadet er

were someti B9 mh®Wishbter batd iy edcini bndef R(€) Rl craardd BAS oft 11e%6m t ended
to be at | ocations where the flow during cavity fill may have tra{) ed 25

pocket s'of gagetes T*Pﬁesscsa%mﬁwast'QWﬁfe@tseaﬂardﬁ@attpf Elgue%létewwt(ﬂﬂaia Isdepi ct ed
in Figure 9) MachmRA&MSIc YndlchaRfdl BrhdEM Rl ihahdrt bRE tétHibRss af alympat | ons

conpar ed toeltu:rl] Figure 9 has an arrangement similar to that of Figure 4, except that
channel sections R(a) and R(b) are 9 mm in diameter and lead in section R(c) is
of 18 mm diameter. Also, in Figure 9, section R(c) joins section R(b)
20  intermediate CEP(b) and the junction between sections R(a) and R(b), while
CEP(b) increases in cross-section from that of runner section R(b) but is
asymmetrical so as to have a relatively larger dimension axially of the die cavity
for casting 40.
The experiment illustrated in Figures 4 to 9, involving trial runner shapes
25 and channels drilled into previously cast runners, makes clear that a reduction
in runner size and hence a reduction in scrap, is able to be obtained without a
loss of casting quality using the metal flow system of the present invention. The
metal velocities through the experimental flow systems were higher than
through conventional runner systems. Microscopic examination of sections
30 from both production and experimental castings showed no significant
difference in microstructure. This industrial experiment has shown that a
transmission casting made in CA313 aluminium alloy could be made with a
much reduced metal flow system with consequent savings in remelt cost and

improved quality.



production castings and the porosity nostly consisted of fine dispersed
gas/ shrinkage. The other trial castings of Figures 4 to 8 were of simlar
quality 30 to the production castings. Experience with current systens
woul d lead to anticipation of nore porosity in the. experinental castings
of Figures 4 to 9 using the new runners, than in production castings as in
Figure 3 which had been optim sed over22rany years, but this did not occur.

Overal | the exper.jne cast i N t g, at e Fi 0 have
shown that the W%E#P‘fé‘?%ﬁ‘oavagog%@&ﬁ‘lf Habg&éﬂséqvmmsﬁ %teg {h%ﬂiérﬁalrlé bc(e)'g T unner
size at equaktihds 20} nizeltetwng:wm1agalummim>auovm aéﬁ)vtwnnm@osmlyatoeld R of
Figure 4 for prodUC|n peri nent al ast i, ng .20 has

strai ght - t NGO (AR 'éGF ﬂ%‘%c?ﬁh{iﬂ] 'héﬁcbéog%c@?wtdare anne I§(i?(d'blt) ext ends
subst ant i aldiffic@t bbk Ghapad Gres 46 TWith ehasnibss4Raad tmsdeR@B)arwréQofTr@D nm

di aneter and each ends in a res EC“K ?EP(aﬁtg% i nc aS| n%?] apered
cross- séct iGastinghhad lseath ei3a0EMyindhe plane ok thP seglien R l%re 8" Ghner
system R ofyifiHdpémeRdiclad tdVithaplame bhabo ehmFighitieadrojestedpdrehtuit 5achannel s
R(a, b) are gt an acute angle of about 500 and each is 9 nmin dianeter.

The systemC@.R of Figure 6 has a single channel R(a) and CEP(a), although
the channel R Kas §gcse %é? i ¥asting 4@Qkéﬁ@@s@he@b@@lo@ﬁeamldnsoﬂo nm i n

di aneter. The arrangenent of the runner néiéStem R of Figure 7 is SI mlar to

that of FifgediagStheHwee dmpregsionshAnrfelande&t iSHIY )R al) HWHIPIESH)
| at t
| Lreagk;\é@ y dﬁ@f&%@nﬁé ?gng?%@ g§ BURLBEinG BAsh e, #beadj Fpre%g@mely :R(d?) i's

The system R of Fi gure is simlar to
_that of Fi disrewd texpeturerantrpl with main f!l!thFrerﬁ%ﬁ%tdé}g tondll Byed RS r anch

R(a) is Shc’f{e% ﬁBdr?L}s?_lreQ" n‘%gﬁm@es@lo% i}g atﬁé‘C{o td %lﬁ@d % hRsitisR aid, angenent

simlar to re. 4, exce channel sections R(a) and R(b)
are 9 mm i meduisakt epaomd b2 aaf greaé@cwldih Fat) be susegf ta gisplptediagiacest . Al so,
in Figure 9 seescstloln%n R(c) joins section R(b) 20 internediate CEP(b) and the
junction be{n\%en séctions R(a) and R(b), while CEP(b) increases in

Cross- sect i on frPcsnlstémderUffrmmrﬁwes1@cEBWQQGQ)W%UPW%C@%W‘HQE%“H“E%FF so as

to have a reI aLiyely & Swgfér %eWu%hQ@Faéhélfj Xve?b b‘i&?(eg'a%d%ﬂvdllby fed®r
casting 40." € exper rated’ i n i'gures involving trial
runner shapess through a CEP defined at a CEP defined by bush F,, through impression A
| to impressions B and C. The casting filled without difficulty and was of good

quality and definition throughout,' with minimal porosity.

20 Successive castings 40 were made using respective bushes F,, each
defining a respective CEP. In each case, the runner Rm was the same and
comprised a channel of bi-laterally symmetrical trapezoidal cross-section. The

channel had a depth of 4.5 mm and a mid-height width of 4.5 mm, giving a
| cross-sectional area of 20.25 mm?. Each bush had a tapered bore of circular
25  cross-section which defined its CEP. Each CEP was 20 mm long, with a

respective inlet and exit diameter and cross-sectional area as follows:

Diameter (mm) Exit Area (mm?)
Bush Inlet Exit Inlet Exit
I 4 6 12.6 28.3
I 5 7 19.6 38.5

11 7 - 9 28.5 : 63.6



'25 and channels drilled into previ ously cast runners, makes clear that a
reduction in runner size and hence a reduction in scrap, is able to be
obtained without a |oss of casting quality using the netal flow system of
the present invention. The netal velocities through the experinmental flow
systens were higher than through conventional runner systems. M croscopic
‘exam nation of sections 30 fromboth progduction and experimental castings
showed no significant difference in mcrostructure. This industrial

experi ment Ragssthevexit orass-aectionahgreiasei Qﬂcm@EPu\M@s guhktantiallCiagsr thamri ni um

al | oy coul dt@cr@@g%e@ftlérﬂil rea%ﬁe rrlﬁﬂ*‘é n(?\%/é” lgéhg%§%8*6¥ hVY Erhe ggpsequent

savings in renelt cos nprove erénce now to
Fi gure 10, whex wassbolt ﬁﬁ%rlamedthahéh@rwﬂmwirm Béshesdtantgl eadh haddm usi ng

CA313 alumnpiumallo shi ba col chanber., machi ne. The
s ol 0 e Gepe SePnal i 188 o 050 of g R SRR L ERE BRE 2k
area 46 ®it |fha1r|§8ﬁaifelnb5 AVitraedctb of dashds 1andardIII, Testibgs At dfngxdetidnta | engt h

of 380 mMmin the plane of the section of qug{ure 10 and a wi dth
per pendi cul QHakity wesa Proflusads dsPie g e tRMREY NG a proj ected area of 570 cne.

The die 50 used o4 fiffek tig, él&df«agndiwsjsgﬁ@@b with &ld &Wdh@u@@ﬂﬂ)ﬂﬁc@éck f eedi ng
the three |rrpreSS|ons A._ B and C si n nmulti

i mpr essi on HKe ﬁ'%ﬂ‘céehag"? fesutshiny glgca.f/ﬁgtwgdgﬁdngastl g tarr%l'Ehto r?%%’b@ctl vel y

and its ownjf aHPREbHI . CAMIR Othe MstiRg WHsNof JOGE quiTRY xdedstintdnt Quighl | t hr ee
of the feeding bushes. The inpressions are able to be varied in position

and, |f10reﬁUF'Fl?cHP°§3t§ﬁléers 52 of greater width can be used to isolate

adj acent i npr es$hORYUge15F S drdriCARRLLAG @.mrEg.&wsew%Q in GARbAMStrAghtras
pr oduced u5|n3 all three inpressions. However, feed bushes Fb and F,, were
ic

bl ocked and va ablineogcmeedhe digscavity odde edgeEwasief serairoaandad fm.gdhisned by
bush Fa, th %llmgemems#\ypl&a bﬁ@r"@ﬁm fBAL ﬁir-a@au&edmﬁh %@twﬁof' Il ed

wi t hout dlf was of “goo qual i finition throug wth

m ni mal por aseaejzt mzentszméfeaiﬁ wéthdzigh speed H‘Uﬁ%ﬂ @"thﬁﬂ%al!l%mﬁ'g"?@@fye@tal ve

bushes lfg géﬁllilsolﬂneétbﬂs'.”g a respective CEP. In each case, the runner Rm was
an

t he sane
Turning now to Figures 11 to 15, the die part 60 shown therein has a

planar inner surface 62 by which it mates with a similar complementary part (not
shown). The complementary die parts define a metal flow system according to
the present invention, a major part of which is shown at 64 in Figure 11.

20 - The metal flow system 64 provides for metal flow between a casting
machine nozzle (not shown), when the outlet end of the nozze is applied
against frusto-conical seat 66 defined in the outer face 60a of part 60, and a die
cavity 68 (partly shown) which is defined in part by the inner surface 60b of die
part 60. The system 64 includes a sprue channel 72, leading inwardly from seat

25 66, a runner system 74 extending from sprue bore 72, and a CEP 76 at the
inner end of system 64 which communicates with die cavity 68. The die part 60
also has holes 78 which extend outwardly away from surface 62, from
respective locations within runner system 74, with each of holes 78 able to
accommodate an ejection pin (not shown) for use in ejecting sprue/runner metal

30 attached to a casting produced in cavity 68.

One half of seat 66 is formed in die part 60, with its other half formed in
the complementary die part. However, beyond 'this, the other die part may have
a planar surface free of any machining and which simply closes system 64

inwardly from seat 66 to die cavity 68.



“conpri'sed a channel of bi-laterally symretrical trapezoidal cross-section.
The channel had a depth of 4.5 nmand a m d-height wdth of 4.5 nm giving
a cross-sectional area of 20.25 mm2. Each bush had a tapered bore of
circular 25 cross-section which defined its CEP. Each CEP was 20 mm | ong,
with a respective inlet and exit diameter. and cross-sectional area as

fol | ows: Dlarreter (mr) Exit Area (mmR) ®Bush Inlet Exit Inlet Exit | 4 6
12.6 28.3 385 i 2 563623 Thus, the exit '
cross-sect | onal F—éﬁ ypng Y?t%ﬁP7‘\Z7va{§C’§ @aftaiy| rgnsvarsse FUNER S0 which

Cross- sect i Or&terdls &Rréts thbenrreuramrofRahd AT & T-$HaPeGARe spudetidhnkl 7ohe CEP
area was about 40%Iarger than the runner area. Bushes | and Il each had an

i nl et cross- $8c&a°BreNd. Arener &k bas parespraliveotnd pRAoN §97. with ﬁ@ﬂ@ﬁslﬁoal s the
exit area 5 WRakgihg fr'BSWC éééfﬁbther\%@@%Uté?ffa@’é@&%f Hve pdrt @Pd A Hspe&ﬁr%t i ngs

40 of. excellent  quality were produced, despite the co form In a
further tPialnepfrAter i dlasedd remETINGRes WEh eReh Gprtion oflrmmn@r 8heck

the filling @}g%m Yol 86 %Mote%da 's@cﬁg&#g réndiCed g)hﬁ?# a?%?‘\te' &ign to

region S in inpression C  Again, casting wa good ¢ ua | y and
definition, monquﬁhﬁlmowoﬁ%pf ynalrrmen@ﬂg@ & Qﬂﬂﬂﬁhafmm sHotatoast i ng

at region S yg rnHéHnéte'!ﬁé‘E: 6@Mn q_(zyt ical line across the die cavity.

The edge was of sem -roun fform unusual filling node is typical of
"solid front fi Wh"eatbﬁlf@me@f e padse ssfat ein gie gsen60 iis semi-ciooulart inat i s,

I I d
l“t fre. T0nF Sss et fllatl IehOBoRAERATYS cehle (hudhel 12, GEP VRN, s
pl anar inner rgmera & S/ BY haveotross-seatioas whlcmaaemfrsubananttaﬂypble}mermary part
(not shovvn) y%ﬁgetr%%"wa ('iaﬁrfgrng'ﬁtl"%ﬁ ﬁsotlgeq“f%&?ne% Pﬁl oS, é\n?fré]at 64

according to prese nventlon aona) or Part 1'Ssh
in Figure 11722andT h@mmturmerf&%eadybamn%dropSﬂectdnml ficra nétabcbutf 6®wrhgt ween a

costing MChiig i AR FORHotiohfiHeh LT JBYLA FA.4 RO cERTENREE! © 1o

15 first part 76a extending away from runner 82, increases in width, but decreases
in depth, such that its cross-sectional area increases from that of runner 82 to a
maximum of about 16.3 mm® From part 76a to die cavity 68, CEP 76 has é
part 76b of constant depth but, the effective width of part 76b decreases due to
part 76b approaching inner surface 60b of part 60 at an acute angle. However

20 the overall effect is that the cross-sectional area of CEP 76 is greater than the

' area of runner 82, such that aluminium alloy flowing through system 64 will
have a greater flow velocity in runner 82 than in CEP 76.

With use of an aluminium alloy casting installation having the

arrangement of Figures 11 to 15, articles are able to be cast in successive

25 casting cycles in die cavity 68. With the die casting machine operating at its
usual casting pressures for use with a current system, aluminium alloy, supplied
by the machines nozzle applied to seat 66, flows through sprue channel 72 and
runner system 74, and is injected into cavity 68 via CEP 76. The relatively
small cross-sectional areas of runners 80 and 82 is such that at the usual

30  casting conditions, the flow velocity for aluminium alloy through the runners is
able to be in a suitable range of 80 to 110 m.sec’. Similarly, the cross-
sectional area of part 76a of CEP 76 is such that the alloy flow velocity through
CEP 76 is able to be in a suitable range of about 65 to 80 m.sec'. As a

consequence, the alloy flow is turbulent.



"agai nst frusto-conical seat 66 defined in the outer face 60a of part 60,
and a die cavity 68 (partly shown) which is defined in part by the inner
surface 60b of die part 60. The system 64 includes a sprue channel 72,

| eading i nwardly from seat 25 66, a runner system 74 extending from sprue
bore 72, and a CEP 76 at the inner end of system 64 which comunicates
with die cavity 68. The die part 60 al has hol es 78 whi ch extend
outwardly away from surface 62, from réSpective |ocations within runner
system 74, wi th edd tabuleatess Tirasdesl by theachampnaidmige ianfley eatction forn ( not

shown) for usge i.n. ejecting sprue/runner, netal,, 30 att ed to ast.ing

o odured | n BRvTyFLEfOY ST St SRS EnaRY 72/ Bt $0.dne Garf #0855 wr't h
iL s ot Eer gahfnrfeermdnﬁgrorhhﬁedeftéd mmnt;ﬁ:?ef sli.fe IItJaaﬂs*sof idHavve dﬁeﬁi_ bgwasd Ej hi's,
t he ot her I e art ave . a., ar . sur C I‘g an nmacni ni ng _an

whi ch i npl yPE4%68Ee O Jiayaaseing Maite aigd prd Rl ek B0mdeyantitee ilgtiond ts. 24
The runneg sysirR8Z4 Delpite!HRSe IndtRire) thé irAEY&T v VIBEIREs, &hdwhé GRgRdtends
across the inner end_o h, sprue channel "72. At

6 f, and forns_a T-shape wt ) ]
each end, rukhiEh %@P@sd"&cﬁséﬁﬂéﬂ?}’%oQWOP%BYW&PC@G&F’_"W ¢aptings arepAie 80a
di vergi ng freiheaeduuRbAshERBRAOheOUGIRS dr MRerGRpBatite S dP@itionS Betafied
respective 5 one of ejector pin holes 78 communi cates with each portion 80a
of runner 80¢arigyBere- 74 al so includes a secondary runner 82 which, at one
end, extends frop,re1Pk 4 ikl S&QaticH | &y neH ( CEP 76,
froma location |Fr‘%]t_er rre‘di aét}g‘et e&gar%%}%sof g;‘)_o_r?fir%n&éba%@\;ﬁ I%%tér@e_ f or m of
t he part19f g¥ercisesaimeddit estingthedistance @nmipiuptalloars phle todrayelgdisingect i ons
parallel to | ’ 4 : v/ D 7b unners
80 and 82 ha%%@?ggg?gﬁgﬁ%n‘gmmmegaegﬂlo "ﬁﬂﬁg‘{?@lﬁ%”i@?ﬁﬁoﬁ‘&éggﬁwy
symet ri cal inrfigesecitd diere was credted augetabllave sysernfecanisistingf alpbangeldc  Spr ue
72 and main ] ,,h@{ - ' . me,
whil e runnerE)g%lgkﬁrl;agsga?lnegar?\((i‘lgs-sef(?:te f&g@rgﬁﬁg;g%ﬁﬁ&%@%ﬁﬁﬁ@?ﬁ@%gﬁ% in a
15 first partchagel Extasainominahapssiseatianuofded n82 andrdeegibesf 12A0wardt h, but
decr ease I n dep . i T tJ I nc € om t hat
of runne?5 82 to aégﬁgﬁ%‘%%gggﬁ?&@gs@t%.gy&%@msgrgﬁﬁg%aﬁ)?gﬁﬁ gg{):avi ty
68, CEP 76 htenng cgkhrchambbr dfe castéitgamactispt hTintrials merefdondu¢ted widdrh of
part 76b de-CFSﬁ?ﬁ?‘néHﬂ%é@per&ﬁng conditions for the machine, normal die temperatures

and using a metal flow system similar to that of Figures 11 to 15. As will be

appreciated from Figure 16, the path of channel C is of a tortuous nature,
20  creating high resistance to flow. Despite this, flow along the full 1230 mm
length of the channel C was achieved, enabling filling of the bar impression B.
The flow length of 1230 mm is considered not to be a limit.
With reference to Figure 17, there is shown a casting, comprising an
altemaior casing 84 produced with a metal flow system according to the present
25 invention. In successive casting cycles, respective casings 84 were cast, using
either a single CEP or two CEPs. In the latter case, the two CEP were closely
| adjacent, and received alloy from a common runner. The runner/CEP
arrangements are detailed mare fully below.
Figure 18 shows the casing 84 prior to its release from a die tool 85
30 having a fixed die half 86 and a moving die half 87. As seen by consideration of
Figures 17 and 18, casing 84 has a cylindrical peripheral wall 88 and, at one
end of wall 88, a transverse wall 89. A number of windows 90a to 90g are
defined by an annular outerpart 89a of wall 89, with wall 89 also having an

outwardly recessed central part 89b, and a bead 89c¢ within wall 88 around the



‘part 76b approaching inner surface 60b of part 60 at an acute angle.
However 20 the overall effect is that the cross-sectional area of CEP 76 is
greater than the area of runner 82, such that alum niumalloy flow ng

t hrough system 64 will have a greater flow velocity in runner 82 than in
CEP 76. Wth use of an alum niumalloy casting installation having the
arrangenment of Figures 11 to 15, articlegsare able to be cast in successive
25 casting cycles in die cavity 68. Wth the die_casting machi ne operatl ng

at its usual Junstion of pprte $9arang §%r flse, tpiqne side of fheniunslan ekwegn wallsi um
al 1 oy, suppl '8@%{db89 tcee.ngﬁegwﬁ tr%eaia?fo%ahb@m Ui RS widaWsSg 1d1r ough

sprue channel and 4, Is injected into cavity 68 via
CEP 76. The Gasingi §&lhas & vl thmkoesa gfe@b@tdrﬂab rame adhilefitsy intprealsdigmetaid 82 i s

such that at E%%s%ﬂ%%@%ﬁ%ﬁ?“fﬂm?ond' tions, the flow-velocity for

al umi ni um al 6 runners is able to be in a suitable range of
80 to 1105m sec- 1Su81:easlv&rda,$;ngstﬂ4 werseast sp@ $&htdnngrlde efld-phambarsdieof CEP

76 is such that,. the 7 I eina
suitable r anﬁgsqﬂg @%@hbgégtri @ngfgﬁ@é Nslltaglggli'r% t%éo:%soet Sﬁeeér\{(%etijltg (@t’ g’FPoy fl ow
i s turbul ent at 2boutiB8d°Curlbuietoob8’ saliop dlowds diue Hig ctdvéy Qﬁamsofiaaagmrimr fl ow
direction for, alu iumallo assjng fr SRLU e r 80,
into part 80320?ndrn?87ﬁ{e9n686r é‘ﬂ‘g‘ ?fg\%gwﬁeeggf 'EégreT Er}]u!r)lfnté‘% ggné %ﬂ?‘g al so
i's incr eased abyang&eenipeas eaceppréciatel dyonp #es rungel/CER trietal showd ierfdgue part
80a, bey 8\?/6 i nl run

fI

et . end of.. 5 ite t tt
i ndi cat e \)EFB‘&E{W%'QT‘ %Hhtﬂ%aeﬁi‘ﬁgg deé%:\)? O\Aﬁf@ﬁe ggse &ﬁu?rieirtlgac{]ﬁe al | oy
int ohdl ﬁ CﬁthdssEﬁ%cn@m(hrqal@IfIabysutcastmm%gs EacleGaHﬂ ©3 Haal zbesqpaireduleeéndwhet her
at t he | er or ower te erature 1t1ens et
B gure TeorehaVgit s seplt et ol TOR bt B S Sende. Srepadty faido"
exercise, ai ad Hvidges thdg- éé&ﬂorﬁﬁlsir@élat%ZaEumnﬁl Miedbhgth of LaalblCER akr avel

during casting in accordance with the present invention, wthout freezing
up. As shown</i"AMFi gure 16, there was created a netal flow system S

consisting of a charmelvn®y (DEP\hhéﬂar@aan b Wlnwtmtcterwds Mgré blogelyt andar d
tensil e bar inpression cha

a no Cross n of 4x4
mm and a | enGdiRCERt ﬁ%@'ﬁﬁ’{vnﬁ@“@éﬁ P ﬁgF? ‘iaﬁfj% P?ll’"é’ﬁ'ecﬁ’u?h‘?/\ﬂs St he
system S of lg3oMiLuddd, tBd othetPAe was blocked off, as represented by the CEP metal

93a shown in broken outline in Figure 17.
The die tool 85 wae equipped with thermocouples in the moving die half
20 87. While several castings were made with either two CEPs or with only one, it
was found that the cooling system for tool 85 was inadequate for optimum tool
temperature control over repeated casting cycles. To offset this, the machine
injection pressure was reduced from the normal setting of 90 MPa to 50 MPa,
and the plunger speed was set at 0.575 m/s average velocity with a peak at
25 0.96 ms. ' '

At the start of the trials, with the two CEPs 93 used, the die tool
temperature was 82°C. The first shot filled the die cavity completely. The
second shot produced a cast alternator casing 84 of excellent quality. After
some difficulties with ejection of castings, further trials were carried out with only

30 one CEP in use, again with the resultant casings 84 of excellent quality. The
trials were aborted after some 30 shots, due to ejection problems, aithough the
trials established that casings 84 of excellent quality were able to be made.

During the trials based on use of two CEPs 93, the CEP inlet flow

velocity was 54.8 m/s and the outlet velocity was 42.8 m/s. With trials based on



“tonne 'cold chanber die casting machine. The trials were conducted under
normal machi ne operating conditions for the machi ne, normal die
tenperatures and using a netal flow systemsimlar to that of Figures 11
to 15. As will be appreciated fromFigure 16, the path of channel Cis of
a tortuous nature, 20 creating high resistance to flow. Despite this, flow
along the full 1230 nm Iength of the c nel C was achi eved, enabling
filling of the bar inpression B. The flow length of 1230 nmis considered

not to be a Iusaiaf ONAGEP r beleh duet fiowveoslly ias 19hEme/si and Hewwutiet Bawt i ng,
conpri sing ag, P@lt%%@%tsof nggs*rﬂgs & cREPACE thaMdu oPCHBY 8la l&l &%@ﬁh‘%m
according to Y resent i nvéntron. 1n’successive cas

respective casiesgd SEF\/\@eeemm Trequitied galliyt fhaw, andnthglmlc@EIRuoturdsvmf BEPs. In

From a conmoeriters FReS A JreEmA dothn, B BRTEh. BB SR Rfie £ 1

bel ow. Fi §ur enididsthciug: Whecbazacnegséiﬂbspﬁnemegmera@ psmhmspenfde:sne@s thae t ool

85 30 havi fi d i
consi dergr: B%Oa | xe Lf’rse§ q‘?@r&ﬂ" ﬂ?g esﬁg{kgoﬁ\é't@’go fid Bg%'Q'I Rqﬁﬁ?%weﬁféh pher al

wal I 88 and, gak t@n@se BnG ebldWhaimb@8 mathifedRouRY fefgdeliéndiles 6p“ﬂé”§66ut0f
wi ndows 90a to 90g are defined by an annul ar outerpart 89a of 89,

with wal | 8918048 Wets REpsgnt. vt thasiPying cerieddhrasghtfroam tTﬁhﬁ’?Ot%Veﬁd a
bead 89c thﬂ?é‘du\é@:‘a%tnﬁﬁn{%‘bﬁhﬂad the 26 junction of parts 89a and 89b. Al so,
to one side o junction between walls 88 and 89, casing 84 has a
triangul 4P for mat Fioallp1itwhi ©hbeefndessoed rﬁhﬁimaf@llsaalter@&@i&]gnadlﬂimg)na wal |
t.hi ckness of | 88 is
about 112 i eacdtdns ey ¥ foblcn EAB Eon KBk e g 2iehREm Pl of

col d- chanber pdite prewgmlngiemamdwewﬂmotnﬁmm dilompythe Apirit zafl adbit fothehe shot
sl eeve, the a|l).A¥oyv@s at about 630C. In die tool 85 alloy flowto the die
cavity 85a was VI a ‘a runner 92 and either one or each of the two CEPs 93.
The form of the runner/CEP arrangenent can be appreciated fromthe

runner/ CEP netal shown in Figure 10 17, in conbination with the sectional
detail of Figure 18. The runner had a cross-sectional area of about 18
m2. Each CEP 93 had a square inlet end having a cross-sectional area of
17.6 m® and an el ongate rectangul ar outl et



end having a cross-sectional area of 22.5 mm2. The |l ength of each CEP was
27 mm 15 As shown by CEP netal 93a in Figure 17, the two CEPs 93 were
closely adjacent and sonmewhat in parallel. For castings in which only one
of the CEPs 93 was used, the other one was bl ocked off, as represented by
the CEP netal 93a shown in broken outline in Figure 17. The die tool 85
was equi pped with thernocouples in the noving die half 20 87. Wile
several castings were made with either two CEPs or with only one, it was
found that the cooling systemfor t ool 8%gwas i nadequate for optinum tool
t enperature cont @ﬂAM‘% repeated casting cycles. To offset this, the
machine injecti 'ssure was reduced fromthe nornmal setting of 90 MPa
to 50 MPa, and the pl unger speed was set at 0.575 nis average velocity
with a peak at 5096 At th start of th?trlals with the two CEPs
93 used, the die tool @@EWéWﬁ‘PE‘ Usgigcasting alyrpinjums glay ysing @ arassurei e

cavity conpl et el yastif %aoﬁﬁ@owﬁer@hpmnﬁélaumﬂsfst@ﬂ% pravided 'ﬂr?taoéon‘iﬁbﬂeﬁgofm of

excel | ent quallf,\é,dée ter some difficulties wth ejection of castings,

further trial% %’d?‘P‘H'@@SB‘%IPbIWf?W gmmaching, Hiedieppmoyld assemblyedefingstan t he
resul tant casi nggie%4vif ak R dorifon@Hedénss aﬂ‘é%ast Eér’t af &n \éﬂéfﬂ&@ﬁéﬂﬁér ﬂ{é er

sone 30 shots, due taq ebectlon probl ens, althou the trials established
that casings 84 W &calimigim ANy oM @ rREessbrised Sodrcenplsubstentiafly, melten
trials based on gEmirfimaney QEtRé rﬁé’oh:ﬁd‘l% th&did sdvRty, tﬁé‘ﬂﬂw pai ﬁh@luH&s ¥eRast 8

ms and the outlet velocity 8 nmis. Wth trials based on use of
one CEP, the CEPPfEMef IGBQ/ Q/éP'EK‘?”PQ RW3n9ieY periniherein feferrad t@)lﬁsl %t CEFoWw

Vﬁl ocity vvaﬁ1(85 whith thas EhUilet itfiro8gie bvrﬁclﬁlsthe CEP i§ 1201 ©f rebéivd Anmhihivih hms;pu]gh
the castings S4B BASHABHM AR EPH Yn BB KRRl T e o Som he 5
m crostructure whe CERfoRGiRG tiecdie Ruvity, fifo crdegesdivRblcarsd bMheinlBedfithe CER
5 o0 e, ™ 80 B My 1”2 o Srabe R e el gR
dendrites up to exvess of A0M/sanwkerct nsre s 120Mnls) ahdiaderdirethe CERINcie2@es i ough
fromthe sho,} sl & Sgsqsggtlonélhaereg 'front ?l'lsé fn?eq tg%é] iort}ﬁét. thereof to cause substantially
molten alloy received into the runner to undergo a substantlal reduction in flow
velocity in its flow through the CEP wherebyv the aluminium alloy flowing through
'the CEP attains a semi-solid or thixotropic state which is retained in filling the
~ die cavity, the outlet of the CEP having a cross-sectional area such that the
20 alloy flow velocity therethrough is from 50 to 80% of the alloy flow ve'locity'

through the inlet of the CEP.

2. The flow system of claim 1, wherein the cross-sectional area of the inlet
of the CEP is such that the alloy is able to attain a flow velocity therethrough
25  which is In excess of 50 m/s.

3. The flow system of claim 1, wherein the cross-sectional area of the inlet
of the CEP is such that the alloy Is able to attain a flow velocity therethrough of
from 80 to 120 m/s. '

30 .
4, The flow system of any one of claims 1 to 3, wherein the cross-sectional
area of the outlet of the CEP is such that the alloy flow velocity therethrough is ,
from 65 to 75% of the flow velocity of the alloy through the inlet of the CEP.



10 Finally, it is to be understood that various alterations, nodifications
and/ or additions may be introduced into the constructions and arrangenents
of parts previously described wthout departing fromthe spirit 'or anbit
of the invention. 28 - CLAIMS: 1. A netal flow system for use in casting
alum niumall oy using' a pressure casting machine;, wherein the netal flow.
system |s provided by a conponent of 9Hga die or nould assenbly for the
machi ne, the _die or nould assenbly defines a die cavity and the conponent
defines at-18ast phetflowssygteraiaf @pyaneefslaimst bio 4 naherein e erogswectionsh

cal oy from a_p.eScaial f - tshal ; I &hd | .oy of
t he machi ne ?%rat ﬁgﬁg: %ﬁ%zta??ﬁ/ece'? e'sf% :dgﬁvtugé;tthéiérqé}’ ﬂg{évts%]atocﬂeggr&hlégrp r'l'ﬁnner
and a controlnledessgdi2irofs. port (herein referred to as a "CEP') 10 which
"has an inlet through which the CEP.is able to receive alum nium all oy-
fromthe runner and an outl et through which alumniumalloy is able to flow
from the; CEf. forThe lloiwvgstdift ofliafly @i df\tlaitndel & PSwhErm tienalosalsestieialt he
Inlet of the CEP «is such that the alloy is able to attain a flow velocity
t her et hr oughakgii @fheoytiet obtheccEPJs sugh that the @llay flowpralogihathetetbraual isand
wherein the LR in 15 cross-sectional area fromthe inlet to the
.outlet. ther@%@ckggéggggﬁ§UbstantiaIIy nolten alloy received.into the
runner to undergo a substantial reduction in flow velocity inits flow

t hrough t he P whe | ymini um gl fl ow I h 2 attains
a sem -soli d%r }Aﬂ?égeﬁosé{ggengtogghy W Fc(ﬂ c}ai%;s e1t %%rgg“‘%%"f.“% ?é?%g'tsgg'oo%ile
cavity, t0he angtldftthefoutibbofie CERIingueh traithe stioy flowalelacigethersthrdughtist he
20 alloy fl oﬁ\;v veJrroi%é/ therethrough is from50 to 80% of the alloy flow

vel ocity M O MiF-et of the CEP. 2. The flow systemof claim 1,
wherein the cross-sectional area of the inlet of the CEP is such that the
alloy is able to attain a flow velocity therethrough 25 which is In excess

of 50 m's. & ThEq flgw sypleBmfanyceRe of laiffet & (. wiereinohe. Qilatidile area
of the 1 nl etceplad@s @finief otk kit WeityMiddorthlediis @adhy &by dirddi oW

velocity therethrough of from80 to
15 injection.

9. The flow system of any one of claims 1 to 6, wherein at least part of the
length of the CEP is defined 'by a region of the die cavity, Whereby filling of the
die cavity is by direct injection. ' '

20 _
10. The flow system of any one of claims 1 to 6, wherein the runner is a first
runner, and wherein the flow system further includes a second runner which

* defines -a section of the 'alioy flow path which provides for alloy flow from the

6utlet of the CEP to the die cavity.

25 '
11. The ﬂow system of any one of claims 1 to 6, wherein the component of
the die or mould assembly defines at least two runners and at least two CEPs,
and each CEP has an inlet through which aluminium alloy is able to be received
from a respective runner.

30
12.  The flow system of claim 11, wherein each runner and the respective
CEP provides for alloy flow to a respective one of at least two die cavities

defined by the die or mould assembly.



4. The flow system of any one of clains 1 to 3, wherein the cross- sectlonal
area of the outlet of the CEP is such that the alloy flow velocity :
therethrough Is from65 to 75% of the flow velocity of the alloy through
the inlet of the CEP. 29 5. The fl owgsystem of any one of claims 1 to 4,
wherein the cross-sectional area of the outlet of the CEP is such that the
al 1 oy flowel odiheyflowisystent efighaim d1 omclaite d2s witergio each.rubnér. isTadirstl ow

syst em of ; |10 |ona r a of
the out et Tindir Ble.Fesbefivg CEP, Ang MR B ouf SIS RORR SO RBleeR ln 1 <
in excess tgaskwaisecond runfiees Eachobyhichefiegayespextioé setworef thetaﬂlo§f
wher ei n thﬁ croa?ébg\gt op}?e qu% grea of thﬁg;)értl t .of the CEP I's such that
the all oy 'PHRARDE Quifer Pha gesnestive 2pd degpediive die gavityhe 1 ow
systemgf any one of clalms 1to 7, wherein the outlet of the CEP defines’

an inlet to the_die cavity whereby filling of the die cavity is by direct
15 i nj ecti 4. 9TheHlow systesyet ani one aficlaime bto dBawherein the mnnmd’rmnn at

| east part  af Qﬁoy{ ll@'?@&&}{é)c{ tryaﬁgﬁl:tﬁg ifjted Jf! tﬂsdceg ﬁ‘aesr %gf o eg%n%'% "90 10.

cavity, where avity

The fl ow s;urbelr—moé mtlye_ﬁnveobéllayltartheCEFt o] 6 V\,herer n the runner is a first
runner, and wherein the flow system further includes a second runner which
defines a section of the alloy flow path which provides for alloy flow from

the o1yl eys50f The ﬂGEPsysiemr@r &hyeoRe\of lyaiméSt 1d 14T vhetdiRthe it R42f gany one
of clains 1 to F&g n the conmponent of the die or nould assenbly
defi nes atfqr'é‘dﬁtﬂe #IBMHQW@QéHEP%P the £L&P pltgineEreemi-solid staterin @Elm"hés an

inl et throygdsesbbs Whli‘b%re _Ff'c'iﬂéﬂléé))énd %a&pkém'i Qolh?strafé‘sebsvr%%rnéc{ #Mifing

respective runner. flow system of clal m 1L, wherein eachorunner
and t he re%'ﬁéi!?rcﬁé'tYCEP provides for alloy flowto a respectlve one of . at
| east two die cavities

15 16. The flow system of claim 15, wherein the CEP has a-form whereby, with
sufficiently rapid solidification of alloy in the die cavity to attain a microstructure
in a resultant casting characterised by fine dégenerate dendrite primary
particles less than 40 pm in a matrix of second'ary phase, ahd'solidiﬁcat_idn of
the alloy back into the 'CEP, the alloy in the CEP in axial sections is

20  characterised by striations or bands extending transversely with respect to alloy
flow through the CEP.

) 17. The flow system of any one of claims 1 to 16, wherein the system
' rncludes at least two CEPs with alloy flow through each CEP passrng to a
25 common die cavity.

18. The flow system of any one of claims 1 to 16‘, wherein the system
includes at least two CEPs with alloy flow through each CEP passing to a
respective die casting.

30 _
19.  The flow system of claim 17 or claim 18, wherein alloy flow to each CEP

is through a common runner.



defined by the die or nould assenbly. 30 13. The flow systemof claim 11
or claim12, wherein each runner is a first runner for the respective CEP,
and wherein the flow systemfurther includes at |east two second runners
each of which defines .a respective section of the alloy flow path between
the outlet of a respective CEP and a respective die cavity. 5 14. The fl ow
system of any one of clains 1 to 13, wherein the runner from which alloy
is received through the inlet of the CEP has a form generating turbul ence
in the. flow of alloy to the CEP. 10 15. 3ihe rom1systen1of any one of

clains | to 14, ere d a,. formwh reb al | oy, f1 owi ng through

the CEP attains \gﬁsen'#‘ ’%%lﬁ&ecg%ﬁ'ﬁ@?‘?ﬁ?hmi ioﬁ %‘9 injym 2liey B?inﬁ a

properties and sarassarencasting 'mbcthat iwheﬁemlﬁgetraam ihBlufiéd b'rﬁ&ﬁl 14\ sgétem

cavity. 15 16. T m Q al.m er ei as a form

wher e)l;y, with E?vaw(?g\gﬁt%/ "‘l? °;5‘38‘ i3y PF ﬁ"eaw]aaﬁeraﬂyiqrﬁbemaﬁhméhaﬂ@ Qavity

to attain a m cru@fdnﬁsembly definas ael@d:atv&ylbn@&fet dﬁ@ﬂf dFinBs 'af%@st%’arf bfne
min a matrix

d te depdr A artl es_| es

seqondary phete. “AUBLRF @ BEHIE P65t sliminiim iy Baiie praceused sorue ehe
alloy in the CEPsmbatarﬂinll;ainoﬁtenbhmﬂmumSall@S)oﬂl@! ﬁa@bﬁﬁé%%é’&e%a’irhﬁ%ﬁ%&

bands extendi ng fransverse %,{%a%fona aﬁect to all | ow t hrou P.

17. The flow sysPaHh BFUdes Rer AN A f@“trcwﬁgr@iﬁ@“ﬁlﬁé %C}F%K@fﬁin

i ncl udes at | easteférvel ©OERS avaEhP")abvhi@M Has i fnlet @vetigle MhithGRB GBS 44 BBletlg a
25 common di e caV|t stem of any one of clainms 1 to

wherein the syst&m xf’ r?iqnﬂlﬂ'é@ ao[{"y? etW%EPQ ai quiehLinrQuahwhich alyminigm each
CEP passi ng t® aallayds pélet iwm)vdfrenﬁaétOElEforaﬂm She GRECAVIQMERYSb&I&tioRhR1 M

a1 20 A pr essues oLl et Otineis 5B Srne e o T ablnd dRaimeniurvaloety
using a therethrough which is in excess of 40 m/s and not more than 120 mvs, and
wherein the CEP increases In cross-sectional area from the inlet to the outlet
thereof to cause subsfantially molten alloy received into the runner to undergo a
15 substantial reduction in flow velocity in its flow through the CEP whereby the
aluminium alloy flowing through the CEP attains a semi-solid or thixotropic state
which Is retained in filling the die cavity, the outlet of the CE‘P having a cross-
sectional area such that the alloy flow velocity therethrough is from 50 to 80% of
the alloy flow velocity through the inlet of the CEP.
20 '
21. The pressure casting machine of claim 20, wherein the metal flow
system is a flow system according to any one of claims 2 to 19.

22, The pressure casting machine of clalm 20 or claim 21, wherein the
25  machine is a cold-chamber die casting machine, and the pressurised source Is
the shot sleeve of the machine.

23. The pressure casting machine of claim 20 or claim 21, wherein the
machine is a hot-chamber die casting machine, and the pressurised source Is

30 an output nozzle and means for supplying alloy under pressure through said
nozzle.

24. A process for producing castings of an aluminium alloy, using a pressure
casting machine having a pressurised source of substantially molten aluminium



pressure casting machi ne, wherein the machine includes a netal flow system
provi ded by a conponent of a die or nould assenbly for the nachine, the die
or nmould assenbly defines a die cavity and the conponent defines at | east
part of 5 an alloy flow path for the flow of alumniumalloy froma
pressurised source of substantially nolten alum nium alloy of the nmachine
to the die cavity, the flow path includes at |east one runner and a
controll ed expansion port (herein referred to as a "CEP") which has an
Inl et through which the CEP is able to rgcei ve alum niumalloy fromthe

runner and an ou t_t h. whi n|um10 alloy |Is able to flow from

the CEP for fill %'LE ‘?rﬁm d“"‘g"EH\?"@ Yc?"%fwgs%@ﬁ eavdly. wheisin the processn| et

of the CEP is suh:!bluddamthetétepsabﬂ @msing tﬁ@laﬂbytt% fRW fdA the §$Lﬁ}9é Ycﬁ%%cd n% ¥avit
cess m's and not nore than Ahd

t her et hr ough whi
wherein t Eg CEPI %’ﬂﬁq %Qéﬂ%y ﬁ%w of fEE‘?:PV Srrampogeatofithe diet aranoutd essembly,he

outlet thereof taushmgithe aioydi ﬁenﬂdvabiohg i3t ﬂc%sy%'térﬁ)‘torﬂ%mhr"b‘ﬁgh h%r?ne%rbﬁdl
yoin i

runner to UI"I(éEE g\,\ﬁ) 65 sSu %’[ 8'5{ ﬁﬁ reduction in | ow vel ocli
t hrough the CEP WHe® eng ghf fanfreliad expansion: pajst (hereinghferied t6E a
attains a seni- s'lﬂEFd) tahdfcbusmg tr@mn@ysﬁ ft5 flow WitbGdh the EEb @ &xtie?gﬂdsat{ﬂng the

die cavity, theQ fet of the CE ng a Cross- sectlona are ®t hat
the alloy flow V&Flocld JetRasedh BWgYPI‘P@tYf wheieby the %b%lefcausma tmldtta;n il ow

| ty th rsuffleiznt Mo@t veld hi
\éfe 8flal )r/n ZOrO\l/J\A%er in the n\l% cu@f’étot@ERrsugthfe% gEbeFﬁgﬁvé?ﬁrdg PQ?‘S% to
any one of cl ai rﬁ? uctipg i gha Z@W ‘T‘H‘éc'%é dis flow theayig mhdhat:ﬂhmaﬂogo or
claim21, wiér eiattatrisen seﬁﬁ-sbﬁ%‘rl fm(otrsp.a st d- aﬁhar%ﬁ{s tﬂbﬁst%ﬁéh' ﬁlﬂy”&%ﬁ}.@e

and the pressur ot_sleeve o

pressure casti nlg’3 H@C P{‘f?'r?&e(i fhec"l"g’y rﬂﬁﬁé‘s@rﬂ% ‘éﬁ'?ﬁ'tﬂhm\m’éﬁ‘@ GER lindet whichhisrie i s a
hot - chanber di e exaedsi afdOmatstandeanot aitle tHaa %Qﬁ/%lbfnh&ﬁé aw&\?\{%ﬁcltﬁﬁroﬁgh
ro

nozole. 24 A pRiEEE qulet i B o Weak or Macelby an veieniy thiokoia halpictati ng 2

pressure casti the G8FPhi ne having a pressurised source of substantially
nol ten al umypium 32 alloy and a die or nould assenbly defining a die
cavity, wherein the process

25.  The process of claim 24, wherein the alloy attains a ﬂow velocity through

- the CEP inlet which is in excess of 50 m/s.

26. The process of claim 24, wherein the alloy attains a flow velocity through
20 the CEP inlet of from 80 to 120 nv/s.

27. The process of any one of claims 24 to 26, wherein the alloy fiow velocity

through the CEP outlet is from 65 to 75% of the flow velocity of the alloy through
- the inlet of the CEP.
25 '

28. The process of any one of claims 24 to 27, wherein the alloy flow velocity
through the CEP outlet is in excess of 20 m/s.

29.  The process of any one of claims 24 to 27, whereln the alloy flow veloclity
30  through the CEP outlet is in excess of 25 ms.

30.  The process of any one of claims 24 to 27, wherein the alloy flow velocity
through the CEP outlet is from 40 to 95 m/s.



i ncl udes the steps of causing the alloy to flow fromthe source to the die |
.cavity along an alloy flow path defined by a conponent of the die or nould .
‘assenbly; causing the alloy, inits flow along the flow system to ftow ._
through a .runner and 5 through an inlet end of a controll ed expansi on po;t :
(herein referred to as a "CEP"); and ggusing the alloy, inits flow - -
t hrough the CEP to an outlet end of thé” CEP, to decrease in flow velocity,
‘wher eby the a31.oy The pecess of an)abnalohclalmseﬂfto SDewhefdimthe ellmciidws front he

‘inlet of the P, . : nt | reduction in that flow
velocity in |tggquf'gglgﬁﬁgo%%[rg@ly@%éf@n ﬂ)ét the alloy 10 attains a _
sem -solid or thixotropic state and retains that state in filling the die '

cavity, whereinh the alloy atgal ns a.fl%vpvel ocCi tal( t hrough the CEP inl et
which is in ces@pProFgssot agnana & clapg 24nem Z’d“ﬂ%‘ alrigastRarkpf e f | ow

vel ocity tshrgggé‘]th drlike OEP RWdiREd by alre P@Hh%@u%od.g%w. the alloy flow

velocity thr the inlet of the CE rocess of claim 24,
wherein the alloy attains a flow vel ocity through the CEP inlet which is

" Fow el ocity i AReStl APGRZS! S 2T b WABRIS o Byt St 81 S
process of amynuereand W@eunﬁh@éllqyoﬂ@ﬁfrombe@uﬂetMdhalOEi?/tci trmmlee:lawylsy _
“through ¢ ne Tou8H 4, 8qdcd AR o Berinie  so bR o B "HRY gk phyT bebuiene. 22"
to 27, wiér elthebbthetaifltthIER)and/mleahetqvutyt hr ough t he CEP outlet IS in excess
of 20 ms. 29. The process of any one of clains 24 to 27, wherein the

<al'loy flow velocity 30 through the CEP outlet is in excess of 25 m's. 30.
* The process @4, ansrhermocésstﬁfanmnélbfbtalrﬁ?%\maOGWHerfehetrﬁli aly i tavsedetooci ty

through the ut | rom 4 0 95 nis ess of ~any
one of clai n§E2’4 @b tjfﬁ?et?”’ﬂ ‘Sﬁé a??%falchoﬁggf IP"i‘)‘?n"‘mt 'I‘i‘gatc}b Wf"cf‘he CEP
di rectly int aldhiiudh allopiéireyeivéPiromiereppestResuaherany one of clai ns 24 to
30, wher%n at | east part of the

35. The process of claim 34, wherein each runner and the respectlve CEP
provides alloy flow to a respective one of at least two die cavities def‘ ned by the

die or mould assembly

20 36. The process of claim 34 or claim 35, wherein each runner is a first runner

for the respective CEP, and wherein the flow system further includes at least

. two second runners each of which defines a respective section of the alloy flow
path between the outlet of é'respective CEP and a respective die cavity.

.25 37. The process of any one'df claims 24 to 36, wherein turbulence is

generated in the flow of alloy to the CEP.

38. The process of any one of claims 24 to 37, wherein the alloy flowing
through the CEP attains a semi-solid state in which it possesses thixotropic
’ 30 properties and said semi-solid states is retained in filling the die cavity. -

39. The flow system of claim 38, wherein solidification of alloy in the die
cavity is sufficiently rapid to attain a microstructure in a resultant casting

characterised by fine degenerate dendrite primary particlés less than 40 pmin a



.5 length of the CEP is defined by a region of the die cavity. 33. The
process of any one of clainms 24 to 30, wherein the runner is a first

runner, and wherein the alloy flow fromthe outlet of the CEP to the die
cavity is through a second runner which defines a section of the alloy
flow path between 10 the outlet of the CEP and the die cavity. 34. The
process of any one of clainms 24 to 30, wherein the alloy is caused to flow
- through at |east two CEPs, and each CEP has an inlet through-which
alumniumalloy is received froma respgctive runner. 15 35. The process of
claim 34, wherein each runner and the respective CEP provides alloy flow

to a respect MRty Rf gcopdanyaphase: and golidifieationi efsthgeglioyekdlyintchthe GEP, or
nmoul d assenbl F ; ' : A : rein each
Fanner s a FreafatiBe d6y i Uerea iR el fecllond ipbndradefihdd by SRIBHE 51,
- syst em f ur t héaniisextandingtransyarsely withwespectdo clloy flove throagle theoCERDI ch def i nes
~a respective section of the alloy flow path between the outlet of a -
. respective CEP and a respective die cavity. 25 37. The process of any one
of clainms 24 to 36, wherein turbulence is generated in the flow of ‘alloy -
to the CEP. 38. The process of any one of clains 24 to 37, wherein the
alloy flowng through the CEP attains a sem-solid state in which it
possesses thixotropic 30 properties and said sem -solid states is retained
infilling the die cavity. 39. The flow system of claim 38, wherein
~solidification of alloy in the die cavity is sufficiently rapid to attain
a mcrostructure in a resultant casting characterised by fine degenerate
‘dendrite primary particles less than 40 min a 34 matrix of secondary
phase, and solidification of the alloy back into the CEP, such that the
alloy in the CEP in axial sections is characterised by striations or bands
extendi ng transversely with respect to alloy flow through the CEP.



