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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
about 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 metai 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



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
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anci |l lary equi pnent, would achieve a subit antial saving in capital
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20 for use }ilé'lre- sting alum niumalloy using a pressure casting nachine,
wherein the netal flow systemis provided by a conponent of a die or nould
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at | east one runner and controll ed expansion port erein referred to as
a " CEP")5 whiccflowaslong @ rinetal flow pagh inthi b disecdEy. i § hgbmetaldlove syistam

1oy i 5 abretag B e piRE R ten el HisnbBRBA LSRG BB i
the CEP i ncpgaseshd flow R8s apacihion iclidesaatlieashdrireruder Bhatwheat is hfeped | et
thereof to cause substantially nolten alloy received into the
to herein as a controlled ‘expansion port orpoint (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 flow path for the flow of aluminium
alloy from a pressurised source of substantially molten aluminium alloy of the
25 machine to the die cavity, the flow path includes 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, and wherein the CEP increases in cross-sectional area from the
30 inlet to the outlet thereof to cause substantially molten alloy received into the
runner to undergo a substantial reduction in flow velocity in its flow through the
CEP whereby the aluminium alloy flowing through the CEP attains a viscous or

semi-viscous state which is retained in filling the die cavity.



runner to undergo a substantial reduction in flow velocity inits flow
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20 to flow from the source to the die cavity along an alloy flow path defined by a

eby

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,

25 whereby the alloy is caused to attain a sufficient flow velocity at the inlet of the

CEP, and to undergo a substantial reduction in that flow velocity in its flow

through the CEP, such that the alloy attains a viscous or semi-viscous state and
retains that state in filling the die cavity.

The controlled expansion port (CEP) has an inlet end or entry from the

30 runner and an outlet end or exit from which alloy flows to or into the die cavity.

The entry into the CEP from the runner may be of the same cross-sectional

area, but preferably is smaller than the runner. However, the outlet end of the

CEP or exit into the cavity has a larger cross-sectional area than the CEP inlet

so as to achieve a substantially lower metal velocity than that at the inlet end of



30 runner and an outlet end or exit fromwhich alloy flows to or into the
die cavity. The entry into the CEP fromthe runner nay be of the sane
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about 40 t 00 B Seitidd'@Rfbugh the runner and CEP whereby at least a substantial

20  proportion of the aluminium alloy flowing through the die cavity is in a viscous or

semi-viscous state. For this purpose, the arrangement preferably is such that

the aluminium alloy metal flow velocity through the inlet 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 m/s.

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

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 m/s. These
velocities are much greater than the values of the current systems.

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

30 CEP able to be provided in the system according to the invention, it will be

noted that the alloy flow velocity through the inlet of the 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 relationship between the



velocities are nuch greater than the values of the current systens. In
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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



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
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fa
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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 smooth 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 practicé are oversized in
order to avoid molten metal froh 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 alloy 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
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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
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may be operated at a temperature of from about 160°C to about 220°C, while
20  the aluminium alloy can be cast at a temperature of from about 610°C to about

670°C, depending on the alloy concerned. 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 substantially semi-liquid
25  state or thixotropic state.

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 conditions die temperatures can be in the range of from
about 60°C to about 100°C, with alloy metal temperature around 610°C,
depending on the alloy concerned. As will be appreciated, these conditions

enable energy costs to be reduced, while the lower aluminium alloy casting
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whi ch are ngfief sg@sdwﬁ. §/%é aeleetocaétda@a @Juhg)me H%té'lgﬂ&ﬁrsry@fétm%‘%ﬁéure
casting systens les o latter alloys which may, bé able to be

cast, Usi ngorlehenhrevahtlc_m avelege aloyoof thee’ 0005sgsiessent i nventi on, incl ude
o ovs of the 7000, 361 B FEP. R e, GRBIoBBAP TR BAY PR
vary subst asddtiahl from ThRenlee rgititodfs o@idtndi, sad akipblisstad@fBNdThG lenyth g si ze
of the cast] n%Pt lcz)s \l/)aerlarkr)?gedepglwgllﬁlgegr?t’cr?e 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 preferably
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 desigh 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 alloy 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,
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be 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 length, are
found to have a wavelength of the order of 200 um. 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 pm 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
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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 a die 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



15 in cross-sectional area whereby the state of alloy in its flow through
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If solidification of alloy in the die cavity is sufficiently rapid, the
respect i ve $HQH distancetdnvasstigam from. dheddet enstal thediBPsol i di fi cation nost

preferably is acheyedd e YRtRG rhB&hine 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



i nvention. However, in addition to the need for heat energy extraction from
the nould or die to achieve this it can be necessary to control the
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system as dasonbhdredieadzmtiagfmaciihe. VIRh afskesf srhobichembgpesachine, this influx
of larger dendrites can be avoided, providing a casting with only fine primary
20 particles less than about 40 pm. However, even with use of a cold-chamber
machine, the volume fraction of such larger particles can be kept to a relatively
low level.
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 avoidance of larger
dendrite particles only in so far as new materials not attacked by aluminium
alloys are used or become available. 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 um.



It is indicated above that the present invention enables production of
castings having an optimum m crostructure substantially throughout. That

m crostr o uresobs i ndi cated as having fine degenerate priPermUpaetos| es in
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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 um but with some larger dendrites up to about 100 um
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



35% | ess, than the flow velocity at or upstreamof the inlet end of the
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concentrat i\@fa@8bnan 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 secondary element, the secondary element first rises,
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



secondary elenent in the surrounding nolten alloy accordingly increases,
due to the renoval of the alum nium while the concentration of the
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20 Figure 1 is a perspective view, from the engine end, of a conventional die
cast automotive 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;
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about 20 n{'"VPA'Yrder that the present invention may nmore readily be
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of Figure 11; 02/ 16062 PCT/ AUO1/ 01058 17 ure 14 is a partial end
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taken on | 'él?pel%nperﬂ | Fé\ﬁ"bra?hslavere 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 veObnwention; Figure 17 is a plan view of a casti PgQT/avOtUOSK]
according to the present invention as re ved fromthe die tool in which
it was produced; and Figure 18 is a sectional view of the casting of Figure
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reach the tool die cavity. Each of the 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
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:

V=V, . (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 casting conditions for normal production were as follows:

Ube 1250t high pressure die casting machine.



usi ng a conventional tapered tangential runner system Figures 1 and 2 are
perspective views fromthe engine end E and the gearbox end G

respecti wedy2/1606f one of the transm ssion cases produced PgT/AUNDO10BS
production cycle using the conventi onal@aper ed tangential runner system
In Figures 1 and 2, the case 5 is shown at 10, with its still attached
runner netal showvmitaémp2ratlre t he schen®3ibECsi de el evation of Figure 3 the
sprue/runner netal 12 is shown prior to being trimred fromthe case 10. As
i ndi cated, the S’SWGEV‘WGE%‘PY metal 12 Garefully renoved from a nunber

of cases as in Figurgsyts @ithstired)Pr 0dugedijg accor dange wi th nor mal

production practice. The runners were 10 separated and col | ected, and as
shown in Figure 3, the netal 12 was cutRureepr oxi maPelSk@en lines X-X to
provi de i he coll ected runner netal sectj.ons, 14, TE }r(espective

experi mehtal flow path machined into edd#"ast run §r Yrimed froma
production casting, when placed, in turmtaback:inteqtgmkglie casting tool
of the Ube machine, then becane "a new runner/CEP" for casting a 15

transm ssi ohheash@igonThareitee same or die pererimertal tiels, £xeephihaf thavuper em

according t L ovent | I ﬁ%ﬁg hMH f to
reach the tﬁ‘gfé?%f’lal@ﬁég@i”@g’?e Eg{(;:vﬁrl&%? eﬁ@%@lex oﬁ%égm@m%dégﬂtnég%’have
reduced crosscoh@ebt nile G7B&gtfor tHeenstineal paaddctionasadtings.achi eve hi gh
velocity netal flow into the cavity. Duri ngatg_‘eqiri al, the setti nlgs for

the Ubdie cast |y U fig ARG WS Uéﬁ%_ fe S MRS 0 'OB"L?&U_ Han
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g tfhe a ner .

of transm ssion cases usin conventional tapered tangenti run As
a result, acdreghdrtheetliecint yedy@ctioe caatihgypenstionst end Heelditeersaby tey lihasalt he

product of the plunger velocity NO and the ratio of plunger
cross-secti%WQPﬁta?fgg“(‘(o,&}?)SQ%a‘Ftlyowpath (i.e. new runner) cross- 25

sectional area (Redped@®eltABl 858MgBAn RitcoMam¥B with thY preBehiRRBnEME GRS Ve
trial castings, using a netal flow systemaccording to the invention, five

pr oduct1i5oE eadlt haysupeed Cindt cargsugirated scbemeaticalbnial Figaresedtp . I gaslkr
7 . . . m
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30 exam nat? trial” castin
condi ti ons RorHpoaevet, for edestdfaiusteitionashd prddustion rubaed28Allechitqprovigssur e

di e casting machine. WD 02/16062 PCT/ AU0O1/ 01058
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 normal 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.



19 Melt tenperature : 635C Aluminiumalloy : CA313 Approx wts (neasured)
Casting : 8.7 kg Runner : 0.75 kg 5 Biscuit : 2.5 kg Total : 11.95 kg.
The condiw®onssoeere the sane for the experinental trials, Peragpt/otosat t he
runner netal solidified in the new runngds ranged from about 0.05 kg to
about 0.13 kg, 1in contrast to the 0.75 kg for the normal production
castings. 10 TheThdeboksescasdrengrafesntiay usestioned ﬂoleeaﬂsé alheywasminmorilyl |
production node before the tri a %@ Each new run P was pl aced in
hy %é%tlT
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Por ' eas® of nepecirt SHawRT 1 nespotl conEs Binery: diTy 1Ed fdnsdysi MM ach
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experinental casting was exam ned using X-ray 20 inspection tec

ues
bot h i n- pl asrctiopgdpatothectatien tyealocetjorsoin coMNGER $bAMBICTOYFHEUTEG VN glyea
nore thorou e%rl) 1 Ok i am nation. The results of the exam nation
showed t hat Mg per| nen castings made with each new runner/CEP was

conparabl e to tHehgagse rmgq:xﬂra@lw obsdroedah qmsodgstrh@de dOvieg teEpenl weast al

casti ng cont ai ned the | east anount of of castings 25 exam ned,
i ncl udi ity neRaINaie @ ees AN HYINkags "%%ﬁ'ﬁ@ i w% boge serefigns.r fis Is

Sections wef i Gidh M@é@&@% g@ﬁg BBsRafe fed tHirY g—@%h'tﬂﬁﬁ]er%%%ﬁgs at

di agonal | y opposite cor castings were re to exam ne t
m cr ost r uctsaatioof irt thes wasaltharzd mhetftlgmbosﬁespaerfsfetcytmoweatca\fllthesebbelses

were polis oxi. mat 10 mm bel ow hes ace ara e

two mat i ng 056 EHaedie erfarer waRdo P aiet AHET oo B BRSNS S oo
then vere etghstly afithd B &fHI Radtingsand %ﬂo&ﬁtl&%aéﬂn@%oéﬁg%rﬁlons in size,
magni fi cations up to 1000X. The ~|ocations of the bosses cut from each of

t he exper i neunber ara@tcm@@nf or exanmination were the same as for the normal
production cast '%-gay 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
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 compared to the
production castings and the porosity mostly consisted of fine dispersed
gas/shrinkage. The other frial castings of Figures 4 to 8 were of similar quality

30 to the 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



WO 02/ 16062 PCT/ AU01/ 01058 20 The bosses were preferentially sectioned
because they commonly contain porosity due to their thickness. The

i ndi cat ewwoovatosons for the particular bosses were choserChavausi®sg hey
represented the two furthernost points fépm the runner at both ends, a
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around 100 yid Mdlighs RORBIFILIRERSEADbE F5Cald RDARM N dAnider00m  Lar ger
pores, 4 to nm dianeter; were sonetinmes found i n both production and
trial castings, Theaseangemdat of thebeirater Isystann dhef grre 7t isesimhilamtodiinait o
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of Figures ¢hd.0 Bigufd BYhbBeamewahden®ing,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.



than in production castings as in Figure 3 which had been optim sed over
many years, but this did not occur. Overall the experinental castings

i 11 ustratvedobyodtD 02/ 16062 PCT/ AU01/ 01058 21 Figures 4 tpCHANaV@0SHhown
that the transm ssion case could be madezl%vith a nmuch reduced runner size
at equal if not better casting quality. e new runner system R of Figure 4
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di aneter, and t I } I : j a 0 el ter.
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in end. Figure as an_arrangenent simlar to_that Figure 4, except
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illustrat eqn1pre§§i8Hs§.es 4 to 9, involving trial runner shapes 25 and
channels drilled into previously cast runners, nmakes clear that a reduction
in runfdér size ahdl ihensend fravdidgirentd.ncastingp40 ivasapreducedbesiogtedl heee

w thout a |oss of castin ugl it i

v oout 2 RPSeonS Tl R R0 MPETSI b SRy 08,

systenms wengaditiieghtheEP ddirudoht £ omPeadiimstaby bush ey, tystgnpridssionskopi ¢

exam nation of sections 30 fromboth production an ,foLﬁeri ntal castings

showed no sPgrRIFEeAns 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 R, 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
11 5 7 10.6 385

it 7 9 28.5 63.6



difference in mcrostructure. This industrial experinent has shown that a
transm ssion casting made in CA313 alum niumalloy could be made with a
much redwed2/n®snl fl ow system with consequent savi ngs i nP€PABDt/0IO88t and
i nproved quality. WD 02/16062 PCT/ AUO1/ 58 22 Wth reference nowto
Figure 10, there is illustrated the production of castings 40, made using
CA313 al umThusnthtlexit ows@sectiom earéa sifi dechc CEP wek sadbstantathilarger Than
casting 40 tHas br oad

t

t ar e 42, 43 and_44. .a,  difficult S d
area 46 wi tHe&EBEY S??%@aiﬁf%a one] fm ngvery N thgecasey #bqﬁqgloﬁ%%@ﬁengt h
of 380 mm idtebhpaPbBBEt HHUI R_}&Qﬁéh%ﬂfnl‘l@r%é@ BhspBsl 1andwi éabh had an
perpendi cul ar to that plane o mm giving a projected area of 570 cnR.
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and its owrhgaeplfgp@,reaé gf&j,ﬁ,@@t H84piterhlehcommblBx fovmer Rm ext endi ng to all three
of the feeding bushes. ressions are able to be varied in position

and, if requirdg,?a ﬂ@alsangprt@m@aws npee Witbdhe sée akkiguie 19 doicheek
dj 1
adj acent tHBrfﬁ;ﬁjq Rﬁ%]ie Phi é%éﬁte% ih At o 0B- ﬂ?]lll’gg ésgaﬁrg% fﬁ‘@ﬁbf&%’ ré@oﬁ?wer o

produced usi g I nMpressi ons. Fbmever b~ an

bl ocked andnahiprabsion €eedgainashd leastigh veasCBP gdetli quedityatind CEiRitited, i witd by
bush Fa, through inpression A to inpressions B and C. The casting filled
wi t hout!Odi fmlr&’ﬁﬁ‘{ RORSHYwas of good quality and definition throughout, with

m i mal _por osi {yrnSUCERAR orf At RASA AHSegIORRIayHS NG hesPSrbigte

bushes Fa, each i'ng a respective CE ach case, the runner Rm was
the sane angriicairine sewsa tbhaﬁmebvw fhel edge wlarsyofsgﬂmrspundad f@mnpe'ﬂnsdal

t h | . had.a depth_of d- h dth of
2 o ViTHisUR! TWings Bt i iR 4o “spics ropk Thachisiel] WLt the' " °
tapered borpﬁe@énﬁh‘&éHﬂl@H 1Rt i87 MEB TFRTEpESH Mt ndeitth n@amhﬁm@EPancﬁam CEP

was 20 mmlong, wt respective 1nlet and exit dianmeter and
Cross- §éct|3ﬂmll-scdtde‘§ah35 follows: Diameter (m) Exit Area (mmR2) Bush Inl et

Exit Inlet Exit 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 nozzle 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.



| 46 12.6 28.3 Il 57 19.6 38.5 |1l 7 9 28.5 63.6 WO 02/ 16062
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of the present I nvention; that is injection with the

al umi ni um dreroyone of thepastians Sk af stain éunrr@rr 85 g @b 76, Frgueelocationo 15,
the die par, St h Ianar I nner surface 62 by which it
mates with 'Qtegﬁﬁd %q}&%%gﬁgﬁgﬁf)ﬁ&ya% 't (not shown). The conplenentary die
parts define a mahik theoorayst e pae afdeay 8in tjhaepaﬂmrﬁ senlielttilan.in a

maj or part of which is shown at 64 in Figure 11 0O The netal fl|low system
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The system 64 includ | 72, |ead dly,f t, 25
66, runnch? 7L BN U R BHDI 471 ROYR SpinsSpgrtiona) Sigauoh Seehl BB RN, he

i nner end %hﬂ?eyﬁﬁrﬁrmrb‘e‘lz WAk GhceRBISMEARICSreW dalshi 18y irhin26ECEPNES, d.hea part
60 also has holes 78 which extend outwardly away from surface 62, from

respectibve flrstpait dhs amtending rwmaydromsysnaer 32, inaiaasesdit width, hel decregsasl e to
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maximum of about 16.3 mm?. From part 76a to die cavity 68, CEP 76 has a

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.



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 conplenentary die
part. Howe®er/16obreyond this, the other die part may have BRCpPAaEDEI10SUrface
free of any machi ning and which sinply cggses system 64 inwardly from seat
66 to die cavity 68. WO 02/16062 PCT/ AUO17 01058 24 The runner system 74

i ncl udes a nmi n, The dodhuisse rsurm;eaaa&hi whithb slmrpecrhm]gacmoﬂswtdileedtimlfneforend
of, and forns a T-shﬁ e Wth, rue channel runner 80 has

a respect | vVAUBHAIUBLAI9% ﬁagﬁagf mkﬁRSH?tqhéﬁﬁebg% tocﬂJO%‘? ﬁﬁg q‘?cﬂ%ﬂeﬁ@ﬁ Bt her
towards outghnbac Gia %Hfj'tr“r‘e Rafiér Gflo ﬁé\@a g%“ LY &80 %‘Qnelfeagbé% r’chB' n

hol es 78 communi cates wth each portion runner . System al so
i ncl udes a presendany allanpessisg inbitbh bliad epweofepad 8@a<tlmy§mnd theomebaed(m‘f t he

portions. 80a of | iy L unn 80 tq, CER 76 0 | ocat.i.on errre e the
nds. of ShortrBRT Ban PeREAnere TN E Ry FRkHeR et e Skt

i's sem -Ci rgHICAICER 76l§irédto%t5e aRGY irtd Sliddasdl @ qflfbdf@%ﬁltﬁﬁéstﬁfgsdélé et 60
sprue channel 72, CEP 7b and runners 80 an ave cross-sections which

are of substoapg pé@pdtgpeldl, whetkeraat e fygfnﬁfe@rrlpwgr twap@iwed@@ndlmrrﬁ detailadugh
ot her geoneé£m§§hgéﬂ1be used. Sprue 72 and main runner 80 each have a
cross-sectional area of about 66 mR2, while runner 82 has a

cross-sectional gigae o6 iwbeghedvdtid repRsefzlon@f anrexpetindritalséagtiagt 76a
extendi ng away fromrunner 82, increases in wdth i n dept h,

such t H& .@sere»ssS%mg%ﬁ t§SHNI m%alﬁt%ee%lga&mmﬁﬂqyﬁa@bfﬁe%ﬁ%{?ﬁﬂue@gt 0 a
maxi mum of ahaut, i16,3,MBRce Wlf?ﬂ‘h% e(%r?t‘gn\tré’nt@nev\@ﬂlﬁbf ?‘e ?QEP ASEshGR

part 76b of constant depth but, ctive 6b decreases
due to parin F‘ﬂﬁlbrea‘rﬁartbar@rwag crea1ed asmefaélewmt&m Soamnsmmgaof anhaicngleC
angl e. However . ef f i s that th@ cro s-secti anal

0th f
CER So T Ekidio ptter) ¥ naEkha e i ungad EnSle BRL TP R T B o

fl owi ng t hr @iigihed vsh &b Gbnvhhl crob@sé@cﬁorgbfe@mmnﬁ AW 2iehee Y1230 piganer 82
than in CEP 76. Wth use of an aluminiumalloy casting installation having

the arlfangenmentCastig gialewera cegiaboubwith dhe syatesn shvleFigorddbeasta 2a0

mchi ne. opaP NP ot BT iR Calf nRS el e VA el CpFfeasd ufiber,

system al ufdrihdlmadHiny opetatplgl eshditiohd foe th@ekiohtte, meﬁd@@nhr%fat@%eat
66, flows through sprue channel 72 and
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
alternafor 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 more 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 haif 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



runner system 74, and is injected into cavity 68 via CEP 76. The relatively
smal | cross-sectional areas of runners 80 and 82 is such that at the usual
30 casti mgoopndsli ons, the flow velocity for al um nium al POYAUbr/@Osh t he
runners is able to be in a suitable rang%zof 80 to 110 msec 1. Simlarly,
the cross- sectional area of part 76a of P 76 is such that the alloy flow
vel oci ty t huootdn oCEBrtg@Jasaathl8@bt cAlse, inore sidet abthe juanten betvedsrutvallS t o

80 msec 1. consequ e, the alloy flowis, turbulent. WD ,02/16062

pCT AUDY/ 0186873 £ FRETLT b oS cbenguiehforinsdn B4 WHIRD ' SFhes wisRge TR 11 ow
direction f@ésingl SHSUA Rh AicRASSY BO abb@IM IR, WMIBNE infénkP didherr 80,
into part 80a o runner 80 and fromthe latter into runner 82. It also is

i ncreased bgcrohe wairisisraiwubfl 12Imay passing into the blind end of part 80a,

beyond the inlet.end of 5 runnet,82,. Despite tLer t i,hdi cat ed
[ ow velfoci ¢ 1 eo, STRPEHE GNEs 3¢ o et PB0appBR AR faci Pl ' ai'e
cavity 68, geamgaHathihg s CABS alley. ald ridlddinkethy siibtersbyemies blﬂ)'e/_ whst he
hi gher or | ower tenperature conditions detailed_ ear|lier herein. Figure 16

i s a schematl @bquWHddSentlatdierodi8rrllexden iwehedlic caxity Aga MpsewaiWwerai med
at testing éhend! SHANCALITRNR A @ CEPANS tihd fRYUELT HY hittherkASS! NG
in accordance w't e presen I nvention, wthout reezi ng up. snown In
Figure 16, ahengemast caedicedpprevidtat fidnovhe yshesnGEPometa tshogrofn Rigeinennel

C providing a netal.flow path ending in t ard tensile bar inpression
5. The TEhahheh eomRinaoNothans crseoracediedoloricuse i dhg BAnehGeH o1

1230 mm 150:6§§Isbeﬂojél'£fle§ Hea5o 1t & nfHl2 OlacH CBPL 88 HaxSh Ruardiniél gnae 16,
on a 250 tonne cold chanber die casting chine. The trials were conducted

under nor nisgvingehciessesetianahgreaonidi T.6oms fand ahelaagétenectangiall outled

t enper at ures nd. using a netal flow s m sismlar to .that o —gu 11
to 6. "hs vind TBandz STed Seelel s EPhare TR RaC sRehaT sRbnEr W oy
a tortuous patwpe, 20 creating high resistance to flow Despite this, flow
along the full 1230 mm |ength of the channel C was achi eved, enabling
fillindg%f the bAs shapineas metal®da inlfouneehgtthe dwo 13i3ids Pmwerecdesser ed

T o0 bl O SUESEA, LR GAGe 1 by Uty Bcaeano
accordi ng to3 W ekeht otRér omy euasi Wockddof,uas egresenteddiy ihg CKE| rastal
respective g’o@as Isfrmlgv?/n z?rﬁlbro re% gt?tﬁrt\é inuﬂgr&ge 17.

The die tool 85 was 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 m/s.

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, although 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



either a single CEP or two CEPs. In the latter case, the two CEP were
closely adjacent, and received alloy froma common runner. The runner/ CEP
arr angenmawvo 82/&062 det ai | ed nore fully bel ow Figure 18 shomneTMbel/edass ng 84
prior toits release froma die tool 85 ,30 having a fixed die half 86 and
a noving die half 87. As seen by consideration of Figures 17 and 18,

casi ng 84 hase ef oyt iGielr| ttel CEEY infdtdioal velatity ®8sa®.6 at/spaed tendutkét flew| 88,

wal | ) b f.ow fi d
e o D B 5507 A TS, Ik aess, 1o Tgnae GAgT 3 alIgh WGtehaRay
d LN
recesse 035;{; E%%qf(g%&g%'ﬁ%ré’céé Peq_taﬁ-éeog Whivhi ghdvahd rﬁ%tr)@ét%éﬂﬁet Be o

02/ 16062 P 6 junction arts 89a and 89b. so, to one
si de of thecdsiingsi 84 bereweeh amalopmuds fard 89, detadedgh@#imas That risariel ar

formati 91. which defines, wi ndows 91 a. sing .84 has a Ll thickness of
about 235 nRiCTTqTE WP hEI e Race s, BRI s ik 45
5 Successi vg) aASISIGH SAaMEie] F Rt o0RsS IP8MABRIYT JedbAdag! shaseaferedee
casting machine from CA313 alloy. As ladled into the shot sleeve, the alloy
was at abodite 660Ge bh aliceld-clohmBsr naddhine,f $ametlargdredendritean o gdmwubas
via a runne 92 and either o or each of the two Ps . Jhe formof the
unner | CEP. 108 paR GBI ATCeT BER SB5neBR oot M ERa Tim ahe SRH FIEBYF Chown
in Figure 1 ¥a b By i don with the sectional detail of Figure 18. The
runner had @ejdé?gggt-'ﬁsﬁe)ﬁ%dgﬁ{al area of about 18 mm2. Each CEP 93 had a
squar e 1inl et endFinhby,i igisa te res sislecstbothadhabrvesioos alterstion® medifipatiensngat e

rectangul ar outlet ..end havin ross-segtional area of 22 .

| ength of eH¥ Otgﬁdmggsfﬁ%yhﬁﬁnﬁgﬁgydéﬂ ﬁﬁPQﬁg'Cﬂg?%gngéﬁﬁﬁwggﬁaﬁggﬁl7,
the two CEPsqy83 prsviusllogedotiberdivtignt daparimgnevhathd mpparal belbit 6Prthe
castings in which only one of the CEPs 93 was used, the other one was

bl ocked of finvertiarepr esent ed 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. While several castings were nade with either two CEPs or
with only one, it was found that the cooling systemfor tool 85 was

i nadequate for optinmumtool tenperature 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, wwth the two CEPs 93 used, the die
tool temwpeoztawsre was 82C. The "first shot filled the di ePCBRAUDY01058
conpletely. The second shot produced aégﬂst al ternator casing 84 of
excellent quality. After some difficulttes with ejection of castings,
further triclasimegre carried out with only 30 one CEP in use, again with the
resul tant casings 84 of excellent quality. The trials were aborted after
sonme 30 shots, due to ejection problens, although the trials established

t hat 84 i gﬂgg i
trlaal gaf):aggfi on ASse o) %J\Xo%rg%@gaﬂggw?ﬁ%%&%ﬁ %Né‘?”?‘f%w gF@glré{ 9%%?%4 8
n's and t heastiny ebasighecwhgreimshel thedalricsv sy$te tsrpralvisledased oompM.’Je(mz/oIGOGZ
PCT/AUO/0108 27 t he CEP let fl I

oot radieuet BT a8reSBREr te lEEnEe, hale ok BrSSbl Bkt S e
f' ow of CA?dlé c%l«h@xénhhﬂh@twnbment%fm@g%t %twbﬁéﬁ%nb?%w gaknatol ae f 1 ow,

and the mcrostructure of casti ngs 84 were of an o i mum form as
det ai | ed hdlosy mf Fhanin|usm alhpey fom & mwmnsadesw@ecabrsubs@nitlgkb)d polten ne,

d t I

e e AT RRE O eatRe R e o€ gl Q@R R ottt e =
nmachi ne, SQmé r@irgsT aféndlicohgsllet e&paﬁéioutporﬂ(@ﬁemm@éf@rr@ﬁeﬁﬁQE a WCEP") hese
bei ng carrl ed through fromthe shot s|eeve of he di e casting machine. 10

Fi nal | Y0 i twhishthaspanunleé tbrassh whigh Wﬁr@gﬁs'sa?@lértﬁt SRy ﬁ‘Hm“?'PEh?i"éYls
and/ or addigd 00ge %ﬂaﬁdqéﬁ%gxﬂgﬁﬁﬁ%ﬁrp\gh% QBHT?EIPHF&IIO&H§ A SFRRTENL S

of parts previous escri eparting fromthe spirit or anbit
of the i n\tbetﬁlﬁﬁ’ fdAGllOﬂg JtE@G(ﬂeR@MtggU@meWBé&m ZBe CERI iBregsesAnmetasis- f | ow
system for in ca g,a ni ym al usi essyr stin

machi ne. | wRGEBPRAL HeAEoR e Rt 39 i LSl pEses et Bireas st mefen s
die or muléﬁog%eg%u ih®f thehenABERY Lﬁwderggaea St ATRBAGCtRYSIA TRMWY vastitpes a
die cavit he conponent defines at”least part of an alloy flow path
for thdb flnnwtsoﬂoxal timoughuthea Gy wherebw the edgminigedalinyuflewingf thsetgh dmei al |y

mol ten CEP attains a viscous or semi-viscous state which is retained in filling the die

cavity.

2. The flow system of claim 1, wherein the cross-sectional area of the inlet
20 of the CEP is such that the alloy is able to attain a flow velocity therethrough

which is in excess of 40 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

25 which is in excess of 50 m/s.

4. 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
5. The flow system of any one of claims 1 to 4, wherein the cross-sectional
area of the outlet of the CEP is such that the alloy flow velocity therethrough is
from 50 to 80% of the alloy flow velocity through the inlet of the CEP.



alum niumall oy of the machine to the die cavity, the flow path includes at
| east one runner and a controlled expansion port (herein referred to as a
"CEP") 1®Womt/odechas an inlet through which the CEP is abl BCT/AUPBE®FS/ e
alumniumalloy fromthe runner and an ?5?” | et through which al um nium
alloy is able to flow from the CEP for Iling the die cavity, and wherein

the CEP i nag.easebhe floar §8tem st eyl oficlaing 1 ao4, hehdrainghetaposhsedririzt
t hereof to cause substanti al lé nmolten alloy recejived into the runner to
undergo a sAiB3tQirthe Qutletalitha GRP is suchihabiiscaiqy How vglacity thershroneBugh t he

CEP wher ebWr&rﬂ%@ﬂo“{%%L%%ﬁ'ﬂb@Weﬁé&W J’fgh%; %ﬁl???rf}faﬁgﬁ tt@}%ti&fttﬁé 'CSEF;‘ vi scous

or sem -viscous sta I's retarne cavity. 2. The
flow systemof claiml, wherein the cross-sectional area of the inlet 20

f th PJ h that t A ' e t ttai fl | oci t
her ot hPough. whi G 108 systan AL 88V resd winens 376 athefely G5 sFSseesettans! m 1
wher ei n t heyrBhQsihe RiiftiePBRINACER i8TsUchhh i alld)f flé\m/ez@gﬁmlﬁ?eréﬂ%ubﬁ% the

|
alloy is able to attain a flow velocity therethrough ich is i'n excess

of 50 m's. inexThes bf gWmefpst em 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
vel ocity therethrough of from80 to 120 nis. 30 5. The flow system of any

one of claigrs 1 Tife flowvdites dftahe cHeosBclares 1 apd, wirsreia the drbss-edtticial of
the CEP is such that the allo ow velocity therethrou is from5Q to

fl gh )
80% of 1Phe apRdY the swtiekpbie éEPh'ﬁoﬁkJéjﬁ thakthengliay #aw veloCiethergihropghdde2
PCT/ AUO1/ 01 fl ow system of any one of clains 1 to 4, wherein
t he cross-i‘g%'?(lcgﬁgfﬁzg}g% 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

al l oy through t ipnlet of the CEP. 5 7. The flaqw system of any one of

Claims 1 te, v BpH wtere o5y ne viiaims 4ted. yereil BEer-sroLone oo
| s such thalobhg 1ablRiiet bPMeVEEPCEISChRABEINY AUgMdwe veldaitgxw%aq@hgﬁqs n's.
8. The flow system of any one of clains 1 to 6, "wherein the cross-S5ecti onal

10 aredb5of ftdre 40utol ¥ nUé. the CEP is such that the alloy flow velocity
therethrough is in excess of 25 m's.

10.  The flow system of any one of claims 1 to 9, wherein the outlet of the
CEP defines an inlet to the die cavity whereby filling of the die cavity is by direct
injection.

20 }
11.  The flow system of any one of claims 1 to 8, 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.

25 12.  The flow system of any one of claims 1 to 8, wherein 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
outlet of the CEP to the die cavity.

30 13. The flow system of any one of claims 1 to 8, 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.



9. The flow system of any one of clains 1 to 6, wherein the cross-sectional
area of the outlet of the CEP is such that the alloy flow velocity

t her et hr ov@h2/i®e2 15 from 40 to 95 nis. 10. The fl ow syst ercDAUaN§IOMe Of
claims | to 9, wherein the outlet of the,,CEP defines an inlet to the die

cavity whereby filling of the die cavityB(?s by direct injection. 20 11.

The flow syst.em Dific dlow epstent of lclims 13, iwbefin Waeheiumnat dreiatite pegdectifet he
| ength of the CEP i s defined gy a region of the die c:f\vi ty, whereby filling
of the di €CERVPEGVides fRr alaYedpwi iy actasprotives ong. ofrfk I9astvinegy sice rRWitieany

one of cl ai@@firﬂeo‘%ﬁ‘w&’@%%%&%sb per is a first runner, and wherein

the fl ow systemf er inc es a second runner which defines a section
of the alloy flow path which provides for alloy flow fromthe outlet of

the CEP_t ' ity. 30 13..The flow. syst f. f clapns 1t
5 Cwer & 1 1o chipORBNeT el d bt BN o i CSEI CHRT T dS o BBLt 't vio
runners andyahel essthetrdBpée CEPOfénaa,@ﬁbr@l%ﬂﬁéaﬁova@yét@hﬂudﬂtrrquahdév\ga@h

alumniumalloy is able to be received froma respéctive runner.
02/ 16062 Pd¥AsIUN 9a@B8 rupoensacadthefl whisly dafisee m respettivensadiongidheiaiogach

of at 1 east"446of Boashine StaEpPY LGSR PR S B A SRR TR UENBRGY 515"

The fl ow system of claim 13 or claim 14, wherein each runner is a first
runner for the respective CEP, and wherein the flow system further includes

at  1ed8t til setmdomumiried &aM eneiidamse! ithds: avitaseipetis aNgEfBn of
the alloy [low Qlﬂ})hisb?éé(’)&?%b ttrﬁl%uﬁlf-ltﬂh%t infdt &F fHeSPRP In4g rft r?era}
16. The of clains

respective die cavity. 1 | ow system of any one m%o 15,
wher ei n t heturtuneece frir i floshotallegl fodheiGEPecei ved t hrough the inlet of the

CEP has a formgenerating turbulence in the flowof alloy to the CEP. 17.

The fl ow system of any one of clains 1 to 16, wherein the CEP has a 15

form wher eby7 al | e fibaMbGemnb G onBeof(ERINA 4 abnFs avR&Ein 398 ICERHisea i N
which it possesses thixotropic properties and said semi-solid states is

ret ai ndé i rfoflwhergby tatley dpwingathireygh the CEP attains a semi-solid state in which it
possesses thixotropic properties and said semi-solid states is retained in filling

the die cavity.

18.  The flow system of claim 17, wherein the CEP has a form whereby, with
20 sufficiently rapid solidification of alloy in the die cavity to attain a microstructure

in a resultant casting characterised by fine degenerate dendrite primary

particles less than 40 um in a matrix of secondary phase, and solidification of

the alloy back into the CEP, the alloy in the CEP in axial sections is

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

19.  The flow system of any one of claims 1 to 18, wherein the system
includes at least two CEPs with alloy flow through each CEP passing to a
common die cavity.

30
20. The flow system of any one of claims 1 to 18, wherein the system
includes at least two CEPs with alloy flow through each CEP passing to a

respective die casting.



18. The flow systemof claim 17, wherein the CEP has a form whereby, wth
20 sufficiently rapid solidification of alloy in the die cavity to attain a
m crostrweoureso6i n a resultant casting characterised by fPapAtegenss at e
dendrite primary particles |less than 40 in a matrix of secondary phase,
and solidification of the alloy back into the CEP, the alloy in the CEP in
axi al secti®ns iFhe flbarsctenicfathiby 18 tor ickim@® veterbanaltoyefidwe helieagh CEP
transversely with respect to alloy 25 flow through the CEP. 19. The fl ow
system of alfyNEWENA CeMAIGRUNNES 18, wherein the system includes at | east
two CEPs with alloy flow through each CEP passing to a comon die cavity.
30 20. The flow system of any one of clains 1 to 18, wherein the system

i ncl udes at22eash prassiCERsastinghmachiog, fdrovee hr oagjingealtimiciBm phsyiustnat ® a

respective die casting. WO 02/16062 PCT/AU01/01058 31 21. The flow system
o 6l a A 0PSB, MakOri: 1A PEy e BRECoRahoBES Mesal fo St
common T unngioviddd byie RoAFONAt 6REHiABr RN 8SserhiBly fUStel Mabidint] the @b wm ni um
alloy using a 5 pressure casting nachine, wherein the machine includes a

netal fl ow Bpsiceassemnldlyidgdinenyy aiecnvipyseditheicompainensdefipes at leastaprtyfs or
o o ; . Uy det | : .

oeomcn: "% Haf Pan BPhe BIPEr BB R fofl 8 TR ke e

al um ni um aglisstahtizdin raokee shwrniried slloyrafethef mashihsettartheadieycaviyy t gie flow

alum niumall oy of the machine to the die cavity, the flow 10 path includes
at | eastO oneathuiisbidesnat 423Ynene| TUBASE ANeh §i B‘lef%‘EJﬁd Ernergsian P‘g'f dPPERINt 0 as

a " CEP") W“Fﬁ? r&?stoaé% hf“c%P' r)lh/l’/meﬂg]é@héﬁﬁmtfhﬁw whigh!the LOEP IS GRlIY G0
alum niumalloy fromthe runhner and an outlet through which al um nium
al l oy i s abtezetve diLminitmoaliayhizoi@BERefrannér &ihd ag auilet throughwihigh alumdinivmer ei n

the CEP incteases,i ross-secti I a fromthe.inle o t.he o t

t hereof to %]la%’s'é a%}’e g%ﬁg‘f"fmmgﬁ?ﬁé%lf?r%ﬁ%ﬂ {I'@y(.j'?ézé‘é(ft%g?jnﬁs H‘{[r@r?'ﬂgh? er to
undergo a sybgdaBEiiAl cros€du6lior) drBaftt@W theliaret ty the dutiet thérwof ks edabet he
CEP whereby the alumnium alloy flowi ng through the CEP attains a viscous

or senildvi sahmantialyematipehaliay recgivgchdtioi ief runnengot hederige easuhsjantia 23.
The pr eSSUr & {285 N9 A5R° %I%%it)ci)fin q{s%&/%ﬁrou‘@jﬂe{h%' BEwﬁlhg?ét?}} ‘tﬁel Wiminium

alloy flowing through the CEP attains a viscous or semi-viscous state which is

retained in filling the die cavity.

20 23. The pressure casting machine of claim 22, wherein the metal flow

system is a flow system according to any one of claims 2 to 21.

24.  The pressure casting machine of claim 22 or claim 23, wherein the
machine is a cold-chamber die casting machine, and the pressurised source is

25 the shot sleeve of the machine.

25. The pressure casting machine of claim 22 or claim 23, wherein the
machine is a hot-chamber die casting machine, and the pressurised source is
an output nozzle and means for supplying alloy under pressure through said

30 nozzle.

26. A process for producing castings 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, wherein the process



systemis a flow system according to any one of clains 2 to 21. 24. The
pressure casting machine of claim22 or claim?23, wherein the machine is a
col d- chavb@ep2/tioe2 casti ng nachi ne, and the pressuri sed SoOuUPCPAUS1/01858 t he
shot sl eeve of the machine. 25. The pres§%re casting machi ne of claim22 or
claim 23, wherein the nmachine is a hot-chanber die casting nachine, and

t he pressurinsiedesdbe steps of aausing ph ah@}:td fowarfcbmehasolioze wuihe! dieraaviy | oy

d th h d f
castings ofd raﬁg ARG 1 et dented By ogracaeftet R e A iR PReSRkbr ng a
pressuri seg% ﬁ]é’éll%ﬂ%ﬁtéﬁ‘lﬁ)hﬁélbﬁg 4 16 FttFh Mok Bw BArbayh 8nfeflaga or

nmoul d asse ef 1 ni die cavity, wherein the process
PCT/ AUO1/ OlmﬁanIBZm mistueed qfh@ wa"plied)fexpausmngp@rfhe(haralrmyefaﬁrefdl tawasram t he

of the di e G seutgryS el a gt bl ChP GaT ol BrERERe

fl ow systenggpo t&'@é‘t&rbbé@liahﬂwr\km@@f ambrebtzrtﬂ@gan us fﬁﬂa@be@f’td ataip a
control |l ed expansion port (herein re erred to as a P"); and causing

the alloy, sufiigiest flpswvelRetygh thadnietoftthe dpEButanst tQaHGd@'ngc Resubstgntial o
decrease in Y t t

sufficient ﬁdg%%ﬁéﬁ%gﬁ%ttﬁ \fvv\ljéféa(ﬁﬁnlpege ﬂ@httﬁ}b@b &d?] 1t(Qrglt ?)hél alloy
subst anti al attarneﬁlacwsoms ortdembi-fisausvethtec ahy rietaing shaitl stwtet hrﬁlhgg thbedi€EP,
such thz{ t he aI loy attains a viscous or semi-viscous state and retains
that st®e $®Willing the die 10 cavity. 27. The process of clai m 26,
wherein the alloy attains a flow velocity through the CEP inlet which is
in excess of 40 ms. 15 28. The process of claim?26, wherein the allo
attains a f2aw th@@'rQqutsmfm\@m 26 rmhezre'm thel @toywikains iasﬂdmvelxac'éssﬁwroﬂgéo
ms. 29. Th é[%gesls ofh | ai.m 26 Jl(g Y the alloy attains a flow velocity
through th IRELYVNiG 'ﬁr'BWﬁ%ﬁB 8"¥1s. 20 30. The process of any one
of clains 26 to 29, wherein the alloy flow velocity through the CEP outl et
is from50 to 80%of the alloy flow velocity through the inlet of the CEP.
25 31. Thhe 28.ocekle gfocasy &frdaint 26, wherginthe: dloysatigine adlaw velechy tygugh ow

vel ocity the CEP inlet which is in excess of 50 m/s.
29. The process of claim 26, wherein the alloy attains a flow velocity through
the CEP inlet of from 80 to 120 m/s.
20

30. The process of any one of claims 26 to 29, wherein the alloy flow velocity
through the CEP outlet is from 50 to 80% of the alloy flow velocity through the
inlet of the CEP.

25 31. The process of any one of claims 26 to 29, wherein the alloy flow velocity
through the CEP outlet is from 65 to 75% of the flow velocity of the alloy through
the inlet of the CEP.

32. The process of any one of claims 26 to 31, wherein the alloy flow velocity
30 through the CEP outlet is in excess of 20 m/s.

33.  The process of any one of claims 26 to 31, wherein the alloy flow veIocityA

through the CEP outlet is in excess of 25 m/s.



t hrough the CEP outlet is from65 to 75% of the flow velocity of the alloy
through the inlet of the CEP. 32. The process of any one of clains 26 to
31, wheravaovh®énl | oy flow velocity 30 through the CEP oRPCT/AU0I/610$7 excess
of 20 m's. 33. The process of any one ofgglains 26 to 31, wherein the alloy
flow velocity through the CEP outlet is 1n excess of 25 nmls. WO 02/16062
PCT/ AUO1/ 0]33458 B proceBsaf@ny cmesofalaimsy2 ®te3 bf wibersimthe2daydicdd yellsity ei n

t he aIonf Ioc rough t utlet is from40 to 95 m's. 35.
The processt t}t/te gg}éoqmgtéﬁﬁ% fgjeftocggﬁ"? Swherein the alloy flows from 5
the outlet of the CEP directly into the die cavity. 36. The process of any

one of clains 26 to 34, wherein at |east part of the length of the CEP is
defi ned by 3b.r eglfom poscasseofcany ers bf glaine 2870 Fhevhersiete afoyafigws fwnaf

al Toy. 1 Pow P b Pt PP GreRaTeehS b baiiBhi o Cavity is througn a

second runner which defines a section of the alloy flow path between the

outlet of the CEP and the die cavity. 15 38. The process of any one
clai ms 26 t3P 34, ThhEresass: pleal PBG qf§lafat§s?e@t@ o MheweinrAtdags Rart |0éa@<t t wo

CePs,_and Sa6iCERNBISERs alidy bPLoUgANEE qiebayai um al Loy 1 s recei ved

froma respective runner ess of clarm wherein each runner
and the respective CEP 20 provi des alloy flowto a respective one of at
ities defl

| t di ed b
o esdtor A ot it Pircau oo ame s 2l FanBere Te it s &t 1 or
the res peCtrUgﬁerC%:r)rd @Herétﬁt%tee!arrbﬁwtﬂoww%/éam druné P 'té‘ﬂtéléllléscé%ty .east

25 two second runners each of which defines a respective section of
alloy flow thpatgtn beenend runreromiick defines arsantientdfl iee elivy oy nath @epee@n hve

die cavity. The.pro ny. .on f clains 26 to 40, wherein

t ur bul ence th@ Ou&&ﬂ@fﬁt ﬁ%ﬁs‘ar{i@ QIS\f&angal loy to the CEP. 30 42. The
process of any one of clainms 26 to 41, wherein the alloy flowi ng through
t he CEP attains a sem-solid state in which it possesses thixotropic

proper tdes Hhd sHI*IPEIASSSSIaN earfedaims 2@3?%3’4\@&*‘?‘?@'3 fha iRy ig wauaed to
cavity. flow through at least two CEPs, and each CEP has an inlet through which

aluminium alloy is received from a respective runner.

39. The process of claim 38, wherein each runner and the respective CEP
20 provides alloy flow to a respective one of at least two die cavities defined by the

die or mould assembly.

40.  The process of claim 38 or claim 39, wherein each runner is a first runner
for the respective CEP, and wherein the flow system further includes at least
25 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.

41. The process of any one of claims 26 to 40, wherein turbulence is
generated in the flow of alloy to the CEP.

30
42,  The process of any one of claims 26 to 41, wherein the alloy flowing
through the CEP attains a semi-solid state in which it possesses thixotropic

properties and said semi-solid states is retained in filling the die cavity.



WO 02/ 16062 PCT/ AU01/ 01058 34 43. The flow system of claim 42, wherein
solidification of alloy in the die cavity is sufficiently rapid to attain
a mcrostwaoruoe2z in a resultant casting characterised byP€T/Agodegsner at e
dendrite primary particles | ess than 40 ina matrix of secondary phase,
and solidification of the alloy back into the CEP, 5 such that the alloy in
the CEP in 4i al Tisedlowosgstem ohai=et 42) seeroy sdlidifeationsofoalloypandse die
extendi ng transversely with respect to al lmQICY,r flo thr_ough th

cavity is sufficiently rapid 'to attain a ostructure in resuﬁarcl;[El?;ésting
characterised by fine degenerate dendrite primary patrticles less than 40 pmin a
matrix of secondary phase, and solidification of the alloy back into the CEP,
5 such that the alloy in the CEP in axial sections is characterised by striations or

bands extending transversely with respect to alloy flow through the CEP.



