. | €3e4VIPPQ4SFT>PV6VTV_27 DEC 2004 1 ALUM NI UM PRESSURE C@§§4@§?T%ﬁi
|nvent| on relates to an inproved netal flow system or runner/gate-* il
arrangenent, for use in the production of pressure castings nade from
al um nium al | oys, such as but not exclusively in a nolten or thixotropic
state, 5 suitable for use wth various fornms of pressure casting machi nes
i ncluding, but not limted to, existing_,ot and cold chanber die casting
machi nes. An under st andi ng has devel ope& t hroughout the international
pressure casting industry tABUMINIUMPRESSURE ZASTINGe | arge runners to
prevent premature.freezi of the nolten alum njumalloy nmetal during
pressure casti nge”W W?HP%D'B@’E@S ?%BUSIWPVWBPHB?@, g‘?"lé SyelRl ef upBegatedesi gn

met hods whi cdirarigeridt@Uadit uk® iRr gl %cﬁ:@ﬁérsfcﬁCbr@%&’urﬁa%étrﬂ% hEQN @AM ni um
al | oys. However, comon to these different nethods is a reliance on runner

systenms of |3YGLIYRqiRgs.rRIchEs Ruttnet @XeiiFglydn femefien poihixmiosic statay
vel ociti es tsmrt@ur@frorr 0i8e WA NRFiSus @mb'dfﬁé?ésrsﬁléeecééﬁﬁg“ &%ﬁmeg%cfh. gfhucﬂl%er

systems use current systens in 15 pressure ca ium al | oys,

it is usual W%X”’ﬁeﬂé@rrﬁi‘r%”ﬁé@ﬂﬁyj eaid ahambqer da sesting rpacg‘mﬁsu on level of

250, 000 tonnes of t onnes
of &l loy, where tAﬁi@hﬁtﬁ’g*aﬁd’ﬁ?ﬁ%?%%’%ﬁﬁZ‘r‘%n@r%%rqﬁﬁeﬁ%ﬁré‘ﬁ%%@aﬁ 200, 000
tonnes. |n taAsENGissHY ittt Istnecessasyitn use laige rovers fzeréventrremsiuren or der
to prevent f e it.les of
about 10 m ?Léﬁmgr%p%hwgeeendmu@resaIE)J jHMa[H '{Meg @@gg{et(r‘za(eggxire 'gé) ut 30-45
m sec', mthﬁhe Hedygitye tkyereoaretryammdéfeu@mclas;gmmetrg:dsnmmmre arariigsugbt t80- 35

m sec' . u bout 55% results in
product i ve dupuay SRRk 1 FRInBRERSS CHoksTo0 forpRed 4P

i nventory oftheﬁmdﬁarmhrwltmoﬂﬁ i$ egelianed ohoumihdreywstEors df herge eolmimei retpticet al 25
.consuned as " cordin Iy is a high level.
of excess enéréggﬁ{ o%g%gh D8\'n4%|gt ﬁ@é/%iﬁgmg? thé@%aﬁgﬁun%r ‘er casting, needs
to be recover ed é?ndlfw@rrajﬁ:tmdargelvsmme tunnsr sygbiroalisédby tihmeresystebe ial | oy -

| oss at f.the,tot onnage ure whi ch he

i ndi cate1 %SUQ% 5 %ﬁﬁr’doga ’ﬁi”p}lﬁ? allqygpﬁléssgﬁqaé?cgq%érgd% ARG AN ?L%n 0 tonnes
(at a cost oias’a:tg)mromltﬁiﬁﬁl\/yeveBﬁf I%Oalmhtwr@duoat |se@ablbhea§tmgéetoSIhgﬂefl cant
costs addi t|

t he hi vel of_al um |nvent or t he | oss
of alloy and) gsggseonae Qﬁg&?bﬁa'?n‘?se%d@yy fﬁwﬁwgﬂ r*"tm\‘r%/ Y¥&fe alloy.
At the |evelmethl ouaunyc |si ai‘rnﬁm&oe@mttbmes iy tHie pfddgetidrl ircesial @auseed for
preparation of nol t e for castlggnoty uch furngegie can cost about

AUS15M each SVERFS Hﬂe?rﬁg'r‘tq{‘eerﬁﬁr‘?ﬁ%’re” ERSEC iy fggult thatfunper -~ ¢
4 2 onl QOOﬂ@eic@ltresgaf\abbbt 10 &n.€0eCi drb AcHiceadll PFRBEporMY GatdGRiRKBs Are
substantlalt% % |n ca |1t p%%dltrﬁ Al so. E)stlng di.e costs can
amount to a efr‘%ﬂ”?ﬁr?r fveloshy Qe uskaly Bging ipihsvengn©ti n di e
life would moesa@heswbst@mheahg@egﬂe quintitubt et pareAgsnly! AfRe b5, he
overal |l cost '%Lﬁrsden is such that 1t serves 5 to highlight how entrenched IS

_the thi nki ng®3hSett KFquUsHEY UBbdr §S p? Mﬁ%@%‘?eprﬂ&@dﬁea cesdi iy 8

al um ni um a|e|x©$’§erveV\ﬂv@r%&S@ &f@mriﬁnmﬁénoywqwe%i r@farrbﬂ%rpl!h%&@%mh{bvﬁe{éron it
i s possi ?h e anwgractr cal produce high gua ity pressure castings of

al umi ni dm alPBS 84 aatrurré%rgﬁetebtﬁﬁ%ﬁ EYEedu hewqcercrme phighileneal 0[5y
est abl i shed dkesdeNeBy %hslﬁﬁpndwzh ri'é&tavrg ta'ilof%ﬁha'&rtb%a&ﬁgt nS&d £06e The

nature of the cost savings are detail hérein present |nvent| on
provi des or 'gysred gpd fﬁrfé’dﬁﬂes“éﬁﬂél%ﬁ@!qah@"é*ﬂerﬁl’f@ubﬁrﬂ“gw%sIaby’tl lgvel®f pr essure

casting machihpet @%bentﬂe%ﬁptﬁn‘ﬂaﬁ pgbleed"WI'uEltF &?Lr‘enﬁﬁlcﬁte@ v B b dnarg et al
fl ow system through which alum nium al
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




15 to flow along a nmetal flow path into the die cavity. The @el @it f 1200

- system according to.the present invention has an arrangenent which defines
at l'east part of the flow path and which includes at |east one runner. and
what is referred to herein as a controlled expansion port or point (CEP).
Thus, according to the invention; there4s provided a netal flow system 20
for use in casting alumniumalloy using a pressure casting machine;
wher ei n t heonitene, faleng with itsranciapr ewipment, yould achieve atsubttaatidi saving noul d

assenbly fo . | he .¢lie or.. ld assenbly defjnes a die, cavity
and the con%nokgﬁfﬁilgeﬂ|e%§‘stu';et' ﬁgggtcggglﬁ%chg >4 mPPBtNt(béPH“'f 6&.’/%13 f1 ow
of al um ni uovedall pyodudtionaost, @®Ewn iFplowMten die IFS RBURDDIoHdeYsumatdnBial

to the die cavity, the flow path includes

alumniumallo ﬁfg tge' 25 machi n& ] ;

at | east on&c} Fudher savings: rladeed; the puerall seshbirdeprie sesh that ftasaneas t o as

a " CEP")swWhisRi [ YAty - ' ' Ive

~al um ni u?n altcfggglﬁp?%%ﬁ?wheéﬂrt%hﬁ@%u %gﬁawmokﬁﬁ éﬁ%ts%ﬁgﬁd m ﬁ]nt’ g{%ﬁﬁgio\lﬁm al | oy

i s abl e to Presaure eastingeofaitaminium alloys.ng the die cavity) the |

cross-sectional @fe i of .t CEP is,such.that .the alloy is

able to attain a\?‘{ g'\?v\?%/&"@? { ;%lt'teth/eﬁ%? ﬁ?g“uegﬂ“?ﬂ?f‘w“ﬂe&"??raiﬁe%ﬁ i n s

and not nor practieal tb2produse kighl quatityeprestive €adtinigd csteglgRfnium Sid8Sofsgct i onal
t hereof .to cause substantially nolten

fromthe jnlet to,th | et :
o Toy 1 ocer Bast fombatable Ao fipsriiorged by cRARheH JpUndRpERGHoR BH {1 ow
vel oci 140 i nwith subbRintiahésst 8vings. FRB Alreettht ROsesaihgd BHHSLIQY idiéow ng

through the CEP 27 DEC 2004 attains a viscous or seni-viscous state which
is retained"i®i%i11ing the die cavity, the outlet of the CEP having a

" cross-sectional S brasit i OV fl l acl ty el hraugh i s
-from 50 to 80% of tf\ber al |l o@b?llg%&vw?g?\g%%{?rt%&%\gngﬁ} ?'ﬁlée %ﬁ%gﬁéoﬁ'ﬁg %EP. 5
The i nvent i auminivm plew ind@sprespureseastiagomaching ey memotilet ouslie imhiohast i ng

al um ni um O~ 500 ' ' . in the machine
el udes o etee 4 kA Sl Ea S Blh TR ot ity FoBE BB o
assenbl1b f cio fidve atendianeetalhfiowlipatiointootheddiessavityl y THefineks flawdbypstemvi ty
and the conponent - def,i nes_at .l.east. rt of an alloy, flow h for. the flow -
o 10 al ur R Dy {6 yhe FRedint iRBRYGR Hes A1 afiRodenRH whiaLfigings 5t leaft en
al um ni um aparoyf ik fldwepathcdridnghich indeded & 1648tidne ruhhér Ah@Whatisheionlqudes at
| east one runner, and a cor]{EroI | ed expansi on,r%%r [E‘F( herein referred to as a
"CEP") whi df RN g5 3 fierdolied ngRsIRRinoRt QM ROIHBERS. apl e to receive
al um ni umal | oy 'ﬁHL@th&ﬂ*dglgnl@Qheaﬂﬁbr&!&:notﬁérétiS PROVIIEED 2B figdk WYistdym al | oy
is able to flowfromthe CEP for 15 filling the die cavity, the _
cr oss- ot ifenype 47 £astng eheniniwmeallgy. using TPressiire gapting Mmachine, avhesgini s abl e
to attain anblANaMEOWSybtent REpRVIN h@Jb lehit | nd not
more than 120 nm's, ar_%g wher _e'?n 't'ﬁgl%a\g&n reﬂg@é??ﬁﬁﬁ%%ﬁg@.&%é@gﬁéphﬁr ea
fromthe i rfpetthe gneehineuthecdia losrmotic essembly defisant digl legvitplandnthe

' lcompone‘nt 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, the cross-sectional area of the inlet of the CEP is such that the
30 alloy is able to attain a flow velo’city‘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 infe_zt 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
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all oy received into the runner to undergo a substantial reduction in flow
velocity 20 in its flow through the CEP whereby the al um nium al'l oy fl owi ng
“through the CEP attains a viscous or sem -viscous state which is"retained
“i-n_filling the die cavity, the outlet of the CEP having a cross-sectional -
area Such that the alloy flow velocity therethrough is from50 to 80% of
-the alloy flow velocity through the inl®t of the CEP. 25 Additionally, the .
invention provides.a process.for produci castings .of..an al um ni um al | oy,
Using a pr&UElecR ¥isSolingF RamivREoURSRIR whith iE Eetained 43 ipg Be ol caviy,

subst ant i althy otk ©f thé WEMIHAVIN A WrosdSedtioflbPa®a SidH 'ﬁé&ﬁ@'@ﬁbﬁ fiigkining a
die cavity, wherein the process includes the steps of causing the alloy to
fl ow from velocytherthioughds dom sa\trt§0% afrthe alloxiflowy velpeily Hieuotyéhe ned by
a 30 conpog aldepdi e or nould assenbly; causing the alloy,-inits flow
al ong the W%@\?@@gtiﬁj’ to flow through a runner and through an inlet end of
a contrbl | ed exphesinventan tal{th@revides ef prassdre caaking mathie,; forngsec dusi ng
the alloy, in.its fl.ow t%’fo\lf\%@qthe CEP to gn out | .et e‘@geof thhe %FTF to
decrease’ i FPIGAWYIIBILT SloX YRINGH Pressre SREURY maching,Kierel e fagehine

suf fici ent jfdiedesv el artdlyfich dyBeen pretided Byha compohdt &084didaoChiduldnd to
undergo a substantjal reduction in that flow velocity in its flow through

the CEP, s@&hemhlyior fee machipeathafigsorampnldcaisemitly detines,p dioGavitt 8¢ and
retains thghe opiorieht [definbdatt fé%sfj'p%rtcg’ﬁ'a}rz alld Gl | afl‘l”']?oﬁ(k)ﬂé)lﬂo@} bl ns a

flow vel ocity through the CEP inlet "whi In excess o m's and not -
nmor e th@n akominiugn Rligrdrame gressyrisedwoviseoef sybstantiallymelten algmisimet i s

from50 to_809 t [ ' ' f, P. The
control | edagg%é ﬁ{sh.eo'ﬁgﬁ@k‘ %'%(( @P?'\é{héaéghg’ﬁhkmo‘eﬁ{]ﬁée}ﬂgﬁ%ég%n%fﬂ%g%trég{rﬁ |El‘{':'g"erpﬁnner
and an out ket @odnioolleekexpansim prt (herain wferédis asa LCEPHtwhithdwadiancavity .-
The entry into.the CEP. from rupner may. be of. the sane cross-sectional
10 ar ea, ” blTeEGRBPh 8O Gl i< ABBR e S RO aIREart FEaRBR | et - end
| 01;] thP'CEF’laﬂa wbtrtlétrthmadgewh&hiélumlgﬂ&maalloqlrigeablleﬂt@ﬂswsﬁcmi tgelad:EBrfea th han

t he inlet so gs to_achi eve a supstantia .qQuer tal_ velocity than
that ai5t hEling e Qs hexroprescinal ale ot iyerd PRt SEiubat o
length of tealidyPisbanivaes itialS a f0W Velb&ity thRréthfduiRowhich i€ bxédi® of 40
cross-sectional "area of the CEP increases so that the flow velocity of -

al | oy t her B¥VarasGgRObEM e AbaB, 1athie eRE wirpseins the SE& infrgases Bt £6S8r om t he
inlet to ILgctfal area from the inlet to the outlet thereof to cause substantially molten
 alloy received into the runner to un_dergo a substantial reduction in flow velocity |
20 _in its flow through the CEP wheréby the a[uminium alioy f_Iowing through the
| . CEP attains a viscous or semi-viscous state which is retained in ﬁlling the die
cavity, the outlet of the CEP having a cross-sectional area such that the alloy
flow velocity therethrough-is from 50 to 80% of the alloy flow v_eloéity through
the inlet of the CEP. ' |
25 Additionally, the invention provides a process for producing casﬁngs of
an aluminium alioy, 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 procéss 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 systerh, to flow through a runner and 'through an inlet end of a controlied
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 aftain a sufficient flow veibcity at the inlet of the



5 The outlet end or exit of the CEP may, and preferably does ?Qfl ne _an
inlet to the die cavity. However, in an alternative arrange ItttheDBunner
of the netal flow system nmay termnate at or adj acent to an inlet to the
die cavity. In that alternative arrangenent, the netal flow system may
include a portion of the die cavity at or adjacent to the runner outlet,
wth that die cavity portion defining 10 at | east part of the extent of a
CEP fromthe outlet towards the inlet of t he CEP. However, in a further

al ternative arrangement, the CEP ray be3gntermedi ate the ends of respective
runners. Th r I ) l:

di rection, g?\%Pagggcﬂgng\ﬂeurgﬁedrjgﬁﬁétggﬂv‘aqlg%gggﬁ?l CC):FP tiLd? %&gv "; Yﬁ%‘%tl on.
That ‘i s, théhmugbtthelﬁﬁ%rsq@hémtdb%awy atj?ams aWIsoouslmesemﬁ-elscomS sﬂateﬁE@ and

the 15 seco k xit,of th CEPt t he

die cavity. qgta'%%rt? %{tﬂdeﬁﬁ'?a? ﬁer(ﬁétca\kfgfv etggﬁ"ﬁo)’ gliAws %’Yé{? has a

cross-sect i dnrosghdheiGERdrtlef wlsnshtlalimeidh%'s dff40trhfs éﬁ’n@!linb% tﬁamdmd hﬁs et al
be .of .a form, vi dj control of _neta | ow vel ocities

flow sysfem nay

t hr ough Ilshe EE‘EHH@@"QH@ OWeIOH t WQEQR*PQ%?%H%%@MQQB% ofitbe@ley on of
t he al uni ni lﬂ@j\zﬁ}él@aityfthﬂmghghéhﬂ@tl&hhé ogplie cavity is in a viscous or
sem -vi scous state. ‘For th purpose, the arrangenment preferably is such
that the al uni ni Jﬂﬁaﬂ?qwll%teapamﬂ@wwél(&EHMama@uyat em@d or enty feoma thé t he

CEP|S|ne|%,ﬁ§e¢, , rom 80
to 110.m's 4 he f%wé'\?g%%?mg{g%ﬂgbout ﬁ)‘%ﬁlsgﬁ @E tﬁ%r = th%#@‘?%?ﬁy —
from about ZFbetentps idpdbe @I%frqm dheratmer maghessf the $aMectrossheectivre end

vel oci t T t | oCi Nn._EexGess of referdbly in
excess i‘? Bg?erﬁqédtg’h%%@yfsrg'ﬁ?%tﬁﬂxw FH'H‘efaﬁ‘g" ?&%PEBF‘ ? fli%n about
40 to 90 m €EPTbeegit b dhé chvity f@area rlmgbr cmats@etubmraréélmanaih@e@rspfmrehe

i Nncrea ow vel ocity through

current systens. In addition.t al | oy

the runner SA@S30 3CRSVER %153""@’@ ¥ r(f%%;af\‘éi?‘l"l%’ @ﬁgﬁ@ha&@&m L of t he
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
arrangenents of the current systems, and results froma difference in the
cross-sectional area relationship between the 27 DEC 2004 5 respective.
arrangenments. Thus, while the known systens utilise a gate of |esser
cross-sectional area than the correspondi ng runner, the present invention
can have a CEP exit which is of greater cross-sectional area than the
correspondi ng runner cross-section upstreamof the CEP. In the fornmer case,
5 nmetal flowis constricted and increases in velocity through the gate
relative to the runner while the converse is able to be achieved in the
system of the invention. In such runner/CEP arrangenent according to the

i nvention, the CEP can be defined by a terminal 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 mMmin

| engt h. However, in most instances, a CEP may be much |onger, depending on
the size of the casting to be made. Thus, a CEP may have a length up to at

| east 40 mm but it generally is up to about 20 mm for exanple 10 to 15.
mm in |length.- However, in an aIternatlve 15 ‘arrangenent, the
cross-sectional area of the runner can be maintained up to the die cavity,
with the reqU|red CEP bei ng provided by the shape of a portion of the die
cavity. That is, there may sinply be a .runner, with no gate in the

conventi onal sense;'but'rather a notional CEP defined within the die cavity
by the nould or die. However, as indicated above, the flow path may have a
first 20 runner from which aIon flows into the CEP, and a second runner to
which alloy flows fromthe CEP to the die cavity. In such two-part runner
arrangenment, the second runner preferably has a cross-sectional area which
is not |ess, and nost 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 fromthe CEP to the 25 die cavity. Were the CEP opens to, or
is defined by a portion of the die cavity, the systemof the-invention
.enabl es 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 nore than one flow path each having a respective rhﬁﬁ@rﬁ@ﬁP
~arrangenent, with each runner and its CEP providing for the supply of alloy
to a cormon die cavity or to a respective die cavity. Particularly in the

| atter case, where each CEP is between respective first and second runners
as di scussed above, at |east each second runner which provides for alloy

fl ow beyond the 27 D E C 2004 6 outletd4end of its CEP nay extend

| at [ 1 f i ti | fl i nt.Q- t, Th ast
cach second Sheuf/ B BB, G0ul b8 YordhP ¥t tniin REvien B b dhe BEP Gr'e

tool parts mndhitedekit mI?e e?anzksl -%ioﬁonaivar’egaofghe@&ﬂ ggcr"e@sekhgo mﬁfﬁzm@tﬂc%w t
heCa 6 oat el o 3 Bertliinuich s ouble BiaigkR B alegotpas on

tapers to i ndrcaathe inlet oritsssdtsect i on beyond the runner. The actual CEP

preferably is of und, _or rectangul ar oss-section. A channel defining a
runner pr§vi di ng iﬁ‘? St %Wepbef‘ é’fiﬂfﬂ éépdﬁah anepprefeiably jdoes odefinesan r unner ,

can be |inealinletHowey @ik, caivity.i BloReeée i ffaltehadtivt BRrafHSNERY tHASNSE&VRHfe Changes
of 10 directi on@lh& encourage turbulence in the flow of alumniumalloy to

the CEP. Thudlelellovw Ssterp reRafaieinaie ot preadiaceliq ag iflelrimthe disesavity M | east
two porti ons twhisbrratite BhGéhdnt AR hagtiow SLess n%a?qgﬁgt% a%ﬁioﬁ%"tﬁave

results obtained, in use of the system accordi ng ] i nvention,
utilised a r@ifnevity 8t ahadincel to g reans ouliehevithdbat die Gawit povtion defisting t

di st ance 1bey @anfbait Sart SNk ook @ﬁﬁoﬂqwagﬂgwﬁgggﬁgmeﬁogt@fggﬁfoa |

~blind end of the upstream portion. The use o Vi n

" turbul ence i HOMEYAS. M afuriier ejfemetive arangsmanbitee BESUMAY bs intermssiiate et t o
practice in thgs ewerss&tiv%%ﬁﬁﬁéﬁ: T.FQﬁ‘itrst'r%netrbfulﬁs‘&%’e]ﬁ{ @tﬁ@%@ﬁhﬁge %{I]cg} he

current systens are designed to minimse tur ence therein and, nce,

wi thin the dilewehierign. ander segondotinrariis dowhseanhotire ZU=R jipthak Dinatties. t o

| 'am nar fl owygL; whi 1 h,.as sﬂpe e f I [

al um ni um al IT?)%/ }g;stﬁ]r?ﬁ'%uﬁ? a@%e?eﬂit%pr ach (t:heé,b\wéot %fl i@épagicﬁlﬁ?el ,

fangate &P t &peanddunagrgenvides alloyfiew froovthe ppivef trel GEBXG d¢imeldiegsatvity.nlrt aper ed

t tial : f ul i din.ord t
aon'ove o smaotrorplenatEpetyE e SRARF hienTeRPhEY Har 5208 SRR ol To 25
the gate in &sauh lassriher thehdf the @A ontetfdndw al ong the | ength of each runner.

As i ndi cat ed, t hege I sed Ln current practice ar
oversized in order t@%g&vgl}dgﬁ%%t%@%éitbgloqfar %Wf?@%@l”ﬁ Bﬁal?tmjs‘)fdm%@gul t,
they give ri §evtwelodiesr #ravgly éhey rimwr raminEEPamntie gl eatl lcawt wedidstdritias.

However , ,due [ .bei ng, oversi zed and necessitating. a

corres po%(s:li n fo;?’ Of‘{%?’goél‘j'g‘%]g{”gnd?'gﬁ‘o log, 8‘6’\5‘3%8”@%“?%@8 CFHS'N g QI%ISBQL’% 8 t hem

t he vol une asgmhesmeisvetaight Faf thisopurdodd, etk birangertertdreferatand sushndst met al

i's substanti gl tive to the casting. vql ume and, wei ght.. The uni ni um
alloy netal ﬁ\eoéﬁ@s%lfnérﬁ"(?y peig! (F‘Qéggiﬁ&ﬁﬁ gnggl?]e HE%i%Tdegf %ﬁ&ﬂléé%l'“f or such
kcorrEI ex alnfl enaTmBioﬁébynlsaﬁgﬁewabmarexsmtﬁrm mﬁﬁﬁ%u@ﬂﬂ@@ﬁ%ﬁn.%% l‘lﬂ'ﬂ@n?é. met al
to be sma tive,tq the,current syste That is, the ratio o 27 DEC
2004 runner f[r@? i‘lpw\/\)éffl%ﬂw thihg eﬁieﬂi"zlth%&%ﬁ 88[}%‘?ﬁ30\/é‘i grm %’QU& st of the
present 2&veabodBOrs prefesdlanfrion 6 tdrEE% F tHdiakt whi WeldeRy. OfThé Bili&dndsy st ens.
Thus, the inventory of al um ni un} %I@Ir(;%| requi red can be substantially
reduced, as ﬁ‘gﬂc’g’h‘}éa%ﬁgr'af)@@%P i  PIEigra8ly| 1B eXGRST Al S@MVersuslsas ng,

needs to be freBO¥ENS DRSS ah GHEEStefefhisP fronhishBut B8 tBESE Gk agendRss of
alloy during renelt/holding is about the sane as wth current systens (3%,

the inventi offlPEliesire Méch gieglar thap hpyalugnabie PEenkeyskRmMag substantial ly
reduced, and the hoanes f il in@béa%@?failw‘%\ﬁf\féf&}t}/%h:%%ﬁ%@‘?u P UnY
reduced. Additionally, the runner, of the neta ow system of the

i nventi ot cakPoable dp dtg pervdeshiorthe svgiermescardingcionetineendioanitiwily hef 10

runner et al noBh kRt R ARy ﬂ%ﬁév&?@@&ﬁ]ﬁh%ﬁh BRMRIeE ?lstH @5 | ch%d%aﬁ?fbhg

runner/sprue netal whichsoli di h a casting, and nee
separ at ed andEPeeytsit eand ahiexit flaw ivaloeis e Jdisofs BRYcoiversre te dist isitgationi ght and

over 100%in I £l e f ,
i nventi on en%%[?@g‘gtcﬁgﬁ\?\%? gﬂ%&gg” f@%ﬁ?}%ﬁg%ﬂ%ﬁf&ﬁ&\fﬁﬁ@ %pés%n%éSS dhan 30%
of the castimguliteirght a differsooe in st asesedional dreaakttibndihpobeby@aPtheThi s, of
course, is a significant practical benefit, since the cost of recovering
and re-processing of recycled netal is correspondingly reduced. Al so, the
present invention generally obviates the need for die cavity overfl ows,

-unl ess these are required to facilitate ejection of a 20 casting fromthe
di e. The higher runner/CEP netal velocities preferably used in the present
invention are a major factor in achieving these savings. However these

. . o o




.30 reduction in spruelrunner metal. However, there are int er-mei;abtfeqj
op izrpl%ed.

factors which enable the reduction in runner netal to be furt Rer
Inter-related factors further enabling the ratio of sprue/runner metal to
alum nium al l oy casting weight to be reduced are that the netal flow system
of the invention enables a high |evel of flexibility in choice of_ |ocation
of an inlet to 27 DEC 2004 8 a die cavity, in contrast'to the limted
choice with a gate in prior art practice® and the ability with the

i nvention to rpsseiice SHRHYEnAR | NBEs URhNg tN &ho®h! §atdnike LifishSa 3;;&1- [ffct
injection arrangenment for the supply of alloy to the die cavity. As
previously i H@ﬁ%&?@&?"sﬁ‘?@ﬁquﬁ@tﬁﬁéeﬂ@ﬁ@@ﬂﬁém rungAar, e presentfipentionat i s
non 5 | near caRURBydSa SoEPTekEith W GARetoLotRioRal Bt han fhavi ng.
for exanple, a runner which has a | ong narrow gate extendi ng thereal ong, as
in the tangerfOfgEPYNiG: FYNGr crassrseptionsyRatEeans Ofg’ﬁ@ (el alln tHeolarregistamm, of  t he
i nventionsca : . Jnal AN i t S . girectly
{ovar ds. and camun € AF EBh e Ra ¥Ra nEABaR voRRt ML ol BRI RO T
per pendi cul athy raonarhywbilg fihe canvdrseldf ahlentp bheadievedani thy . sySteen lobdhe i on at
which this comugipLgation is provided can be chosen from various suitable

| ocations, with a principal determ nant being the need to avoid die erosion
at an adj acent suhf sseh ofintenCER arrapgamsgnt ddeoedieg fo Whe iveationtthoGEEP CEP i s

to be define it hi e t i viity ..th orm and, di nensjions of . the die
cavity at s u%ﬁwi t}Ong. "Gl ﬁebﬁgggeﬁn%é% fiong cthe i’é £y ?anfsth? UL, A
avoi dancdOof ierména rsiioncaahe réistivefyosterbie the detetion sfathenifunt Biyceetd

i i I ion. Wth f. | £l f th
Frvention, ¢ SRBePaLLAE vpdhatelioR e BRate] Apvarelt s it i aisen SitHl cur r ent

systgms. gg(u)may[mrﬂbgémrh&]p@n@ihgbﬁdhiﬁlbizé o&&mb sBhgl Eeh®makie Omhaboalt 160Cf
t o about i the al um ni,um oy can, be cast at a tenperature o
from about 6 mijEta @‘73@ U%paéﬁ%ﬂsgéodﬁmt ﬁ\ét 'ég?walii’dﬁé'@rtﬂé’ﬁpul%er such
condi tions, geondfal wxanipni@ keOY1T awh] MSeas®. abhewd@rbe RCAHERSHVRI ch are
at | east ﬁorrpar abl e in_quali tg?t,o t hose produced with current systens.
Under sudR cEHAMT'BREL thi Fossedipnaliarea pthgawins) can eimainieied apdaithe um
alloy is in dieseHygtyanith eld paqaiess CEP Being p?6viebdbe t sHepk @b heRich ctid e. I'n
contrast to.the teﬂ)er ture conditions used in practice with current

systems, -t he WAl th| ol S dhoTsr MeKeSImPls BRt 2i WRBRR | With A0saatenkbites

- production otogestonhiusarbUpuEatHRY aQﬂﬂbhalgéEplf}ft@ihea RRY %%@c&xﬂﬂﬂwi ons in
0

whi ch die cavit%lpf' Il is wth the alumniumalloy in a substanti al i
seni-sol i d of"& eV 9Toiec Hewaveh@s indipaied abree.dhe frwiRath maydiavetafiser at ur es

can be i not haufraR@enPivhichabaRews ifdthd @g@,bawa ak3@6nd WirhBr & \hmzf&m gﬁ&;@la

tenperature around 610C__dependi ng on the all oy concerned. As
appr eci at ed, 1P EFEMLHRITEP dn dhediaispuitye arsyiph dwapariraniss areagemant, e | e t he

l'ower al um niseBral LiAYe C@etdrRisly lhagg c%%_—s%@%aja?@i@ﬁi&ﬁfs‘ﬂcﬁ I&%P%ﬁfﬁ{%{ in

mai ntai ning all oy conpositional stability and 1n I nproving ongevity.

Wi | e casti ngraferaplyssilayger, dharethet eppesedtional weadif theonutiat endrafdias &R t he

i ndi cated twgngetshcef d6ONHM ; h f ; of
Lhose set s 5o e eneh] d6ETH prORge o\ tRsBLISRM BRI et el o e,
mai nt ai n2a cé¥siasttently hi gh casting output quality at intermediate -

condi ti ons, al t Noyglrd HRSEERUhS kORP AR B8 JokiBh ofind BE3LVRLHR, 1 OF M

of castings.
system of the invention enables the production of castings by direct injection of

alloy o 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




+The nmetal flow system of the present invention can be used al-d\é ag,eoklsly
with the full range of conventional alum niumdie casting all 632éb 4l
However, at |east under the |lower tenperature casting conditions detail ed
above, it is found that at |east reasonable to good quality castings can be
produced with al um nium all oys of sone series which are not regarded as
suitabl e casting alloys using current prﬁssure casting systens. Exanpl es of
the latter alloys which may. be able to be cast, using the netal flow.
system of t heutldd qmdesfdtst CER eyt éxdend latarblidiomld distiofn of BroyAPireetHes. The

formof a CE ,Stblﬁyo?guth 1LE ui rﬁrrent éhat it in@rgfeies in crosssection
fromits inl&toend T18 1B N 1RO dHNRALRY e delined Aqng a mastiN%ngt h of
a CEP is var pabk&etwepend dig tovh pbhe whichaiefihe bBen BR%LIRY t0 be made. The
| engt h can be fro‘g1 ab%ut 5.to abou.,gt 40 mm such as from5 to 20 mm and
preferably 20 abolfco[®Ng & 16 RRzeNtinvealjonevhesn e APAL CEB/s providediy e of

circul ar &rosse@edl icdld. pdigye e the @id1@aVIET 85$ vF ¢ n@Hker, SHCBnase S08iRKR: OF
rect angul ar ca]n be -usa&i- degendl ng largely upon the casting desi grrﬁ’ and
e e

where the f|BRAASRAR BiftlandcreaRe i @ovasqdlion bayarPtheaynpervelhen axi s
or. centre |iaguMhicEP bRefslbRi Bhbr rdlﬂ%‘e(‘!reFect@r\g?%a?t&?{busééﬁoﬁ.eqﬂ'é ghave an

arcuate or bent axis or 25 centre |line, such provides a change in
di rection of d@inieg 2 ruRier refdns AbRlGHew thibednlabefst GRB, tiatiist aifimt ohnnerCEP can
vary in accogglpaBegniht HevaEThels ﬂfefe\fl%g'tﬁgﬂ tﬁé'chgﬁ'ﬁ%ﬂab @gk&g%h%h§e§bize of
castings, being nmade, the type, size and power of the machine berng used;

t he partiQul dfedicnrPrenpereddeciirisésneg ivatbe; flovhef puoinitvnalmy tatthe CEP! oy

P def i o by e Tt Ko il s 8 odied B netod SPRE SuBRER. bl ng

sought . Theswhighrramiusallydnclinate Indeedi $dme of thettettdetesuilts aktatried, Buideabl e

formfor a f0 i i . st .If there is to be
substanti al f@a%jgn%f%?rg ééc%ﬁ{ rﬁ{do@%r ﬁ]?ﬁgtfor{ﬁr?‘%rg%s b#gfﬁrrgn%‘?r q ¥ 'EPian to be
made. Howevewpsireapy riDE@r 200bn] extandea sippt distanaé eveyondliits i jomationi with @ f ound
that a o [ t| [ f man urposes, has an opti num
m cr ost ?Ed(?t u@@sﬁ%\épgﬁ?@gﬁﬁé dte ﬂ'?eoﬁkgﬂ)ﬁggp n? ﬁ%ethgé'é%f‘r%@" F\?\ﬁ‘lqr’e sone | arger
dendrites up to abwutisd 00 awunnaygiviogeider niurindersieoin Alireewen dlloy thhetacase of

a col d-chanmb i j.Ng . [N 5 .this.mcrostructure i s, one

charact eri sefgd\%g'l| %@ﬁﬁg&} hg'gr'fgg r[ﬂ{aasgg%aﬁcyge Hﬂhﬁaweﬂgﬂ#%m%s %Pﬁpﬁ’ Mg rix of
secondary phasesrswarichgstee of thenaurenp aystetisese ldesintd & mdtimiya tugtldénges about
10 pmor |es For_t hi t he P s to be able tg achjeve all oy haying a
sem -sol i d st 8?%’%%”41% @e‘?‘f%v\)"’{&ﬁ%r ehrdb%gﬁ?,"%r'nﬁ?ﬂﬁ? h aChigvia) BoWpsdicis s es

t hi xot r &fl ¢ gpppEntatestp lanthaafle or which iHes almbetht s paisittari n that state 10-
and those propertj.es_in the alloy substantially. throughout flow qf the
alloy to fill  he tgfast AJrEgT aluinitin Floi spsgiat fSW%EPraéﬁ‘Fe*é‘BPg"steo

achi eve thisa dhisehgfaagsiceomtupettdd tangetiagrinaer, Soff Spriskary| sktéring twin
solidificat iton ofd %Igl Oé.t her ei n, have found thatf%sol Ldi fication of the
‘alloy is abl 8P IEEGPRIA THRRYS Hpich RUNEEP NeGe Ho (ifasargfyllyylesinedi i ed in
the CEP has. adeprcidhissen smoshriaal off Bumilich Qlid\OinekPiiBRARE SAGT el Ni ti ve
of all ta,tRIeforms for a CEP, attai npent of at specific mcrostructure

th
i s one Wi GHARICTRIHENBY A P snsHiR Tamaleng thelengtheatmagh fumerqddnt i fi ed,

at least when@ickiee, itisbeCatEtHRP rl ARKF: GRBHI IR Tuleht PRICKHE i SvbRizeORE
applications is required or acceptable. However, this discovery is not

linited to ZPPPT CaAYWhElAR MeteIHERM FasEina@nd ey adesulic thavegives risetpiiheed or
accept abl € soR&igely28wagindst 8hd Y AbR! Tbiodifies. S HBWRLSG! Bk HCHEN @infBlse to be
nmodi fied by heat treatnment, if this Is required for other applications. The
speci fic m RY PYRIBIEEE angnegessitatinga caweswrnaing!y laraexiisipnishet sleeie tohr ough
met al sy dithé bt P  bi hatH igfRagds el .extend
transvergel y W@S’P\b'féé“sg@ﬁ t Qeﬁﬁgh%}i\é}gj@ﬁ %haoﬂfe%gﬁl-\’g%}glﬁl ow c{hﬁﬁ%g&'g te CEP
and 25 whi cHskesand symmenmatal dssulistandiat refadiva taitticorasting GEPreldne weigbichi eve

such m crostruct i - i i ; ves in -
the alloy in its TEouTrRmmSRAF et SRERE ! 08 L HIR RIST PR -
| ateral |y adheseed fysiushtcoriplex anderefaiivilyidrde urofer spsteGEPamhenatenthe

of 200 pm. ALBROFTRE o (DN oRifie S8 B chBaPENR RO BCR i Bt O 0

substanti al separation of primary and secondary phases, with the primary
phase present as fine, rounded or spheroidal degenerate dendrite particles
substantially less than 40 Nmin size, such as about 10 Nm or |ess. Thus,
for exanple, with an alum nium all oy having magnesiumas its principal

all oy el enment, such as the alloy CA313 ~ ~ D E C 2004 '




;11 (corresponding to the Japanese alloy ADC-12, the US all oy AB8Q)ahdilhe
UK alloy LM24), it is found that alternate striations or bands are
respectively alum niumrich and magnesiumrich, due to separation of the
nore dense al um nium and | ess dense magnesi um The al um niumrich bands are
relatively 5 richer in primary phase, present as fine, rounded or

spheroi dal degenerate dendrite particles,substantially Iess than 40 Nmin
-size, such as about 10 pmor less. In cantrast, t he magnesi umrich bands
are found t orbmnarinoétat wieight ecelnditiympias rodice weihaMithiseasftihe brsensuch as

of the form Al Si.Z. Thus, .according tg a preferred formof_the _

i nvention, t Hé‘?régg%{% ‘%PBG%%@"& ehh}ag'l W&W‘ c.’y\ﬁgs‘ﬁs‘i“érl‘?fqgﬁ‘tﬁte‘ﬂée Thspiessur e

casting of aimahtwy of ainligiutn MoSeYliitedCest bOSUPREREANG redRRECAS chighesy St €M
in which a runner and a CEP define

i ncl udes a mould or o\i £ tol?.I Cﬁﬁonent

at |east par£781Ya®FFoll PELRI AShyhi: eHenraringi 0aedR 1ooke recoupied anst £ 1 ow
for injeci ofedyaled. a\Igh aviGRhE Mex@eﬁﬂaaé%a%f%nawhrﬂng%rr@ttﬁfold(wn@ei%%ibeuf he CEP,
fromthe inlet end to the outlet end thereof, 1ncreases 15 |

cross-sect i off¥l S&NEAWMER cyrenhaysieras é3%9. theliayentianiis ebfel ovwieswit buifte t he CEP

is able’to berdel paitel hdidisBNRaftialS Meuidd, drs ﬂ&eeg@%assai A% t;@,laﬁotropi c
properties and to enable the alloy in"that state to ow I nto I¥e I e
cavity; and WHEPErfisttRsreeEpndiagly eedusedn Addifonalb thewlinhersol theinfataldioon  of
alloy in thesdemtanthbin@ifloBask 1l RndyENSbONIHREE RdBha 4GS of ©
provide a resultant casting 20 having a microstructure chara Yeri’sed by
fine degdfer B4noeidid?lite primary particles in a matrix of secondary phase,
alloy solidified ! RUGH i rallel to the
Tlow directi on chapdctaeiies deferdly Bade Fadieg i b v AR RALE el or sl y
wi t h respect wWhisht spdidifiles awithf & castinpeard heedsglo, bavserarated dnardsyctesis wihidhng from

all oy el enen e i 0 A : rnate b relatively rjcher in
respective efse@e%%egr?g%rﬂe/ggggﬁ ‘5‘%["@5 %ﬁel%ﬁi%ﬁjr&gﬁga?"e@ﬁoﬂ? §7a ases. The

i nventi on al sontsbyithikesmataprioee systeor gir theudivegtian cuables| thebyeidighopr essur e
casting, CRFR/BRRS i ful | | t.en, all i.S,.suppl.ied, under
pressureq?/g z&'ﬁiﬁg{/al fhg%{vélsyglcén%sflgFgftF%r\‘N?’g)l/br% tggf‘fa(?wgﬂ)éﬁﬂglﬁem 7e80%y t he
syst em 30 t oingtatices dawintty atbefii #i2d tdR0%. NMhis,bfaourdiecis 4 bignifibanw peadtigal s

defined at | i n r.t. b uld or die tool component: .and erein the
conponent i ssgi%ﬁﬁfegln? % th%f%ﬁ@?@%“ﬁ%‘i’?g 8P8trﬁ33r??eog\ﬁfm§a? hreCkleEm Al B5h, fr om
an inl et endctroespondinglyetedened.t dsgdhe prosortdsemtion genessly $eokidnile area

whereby the of the all inits flow through e . i.s-podified to
achi eve a se%&%%ridbe é?vgty@vsg%‘g’gs@?%ﬁt e%a@ééngggﬁo%gmﬁﬁ%@qt@&qfa
properti 28 aoabting foause dibe alloy to flowin that state into the die
cavity; the formgf the CEP bej rovided.such that, wth solidification
of the alloy in tﬁ%e hlgge(gé%qs)rfcgg’dﬁu@%we%cgﬁa R'R faﬁ‘ﬁb\wﬁ ihinenpi&seple CEP,
to provi de ainvesiidrt anté «asijomdadiayimachielingr ®eks Usiihge. Chrmactethaed by
fine degener\gtle. de drife Eri r:{ary particles in a matrix of secondary
.phase, al | oy S8FIH Gedot fe BEPIAGR andhi PP rMEteL LEPRIFNEARIESFY®ed by

striations otadiagasactiiednthngrd Fs3Aswey Selont Wdtdns eRBBRE, thOvalbtifys hleOW
' g .fromalloy element separation, and

t her et hrgggh tWtE thﬁé ands resulting f / r [

with alte? nateaRigsvilaine s (Psing machingsasysediin ¢astingeahimingraatipys
respect i vel ywith Qo 3 s@ins, SAL0 ARS8 udkd of NRel AbGr ERderdY SeM and
process are tqQ be such that, if solidification of alloy in the die cavity
is suffici enﬁlﬁiﬁf%ﬁi’ﬂ,f@?%ﬂ SEgseertienali #leas t FaieRarpe stoa perTeTit sskerds. Such
rapi d sol i-di fhe&rt fe@n t; L i i ; } ntion.
However, in addi tieoncﬁﬂgﬁtlﬂy%fggégeﬁ%l h‘.ieé“? %g!;]n?}rﬁ;eg d(’a]xmt fpggrﬁélﬁtf@?%%%ﬁe moul d
or die to achPllavhisystem cirheeraeedsiueiiono arerferiors witicht enplleather e of 15
the conpanenteddeddin rﬁ@ﬁJr\%P rn%'cé?.h HolRAVe2 Q¥ 8 iﬁt&'greg% {aﬁto??hfﬁicho be
solidified. Mbst conveniently, heat energy extractionis Timted up-stream
of the inl etehiEe Bfe edectiomPn ryrmee melddo he Swttiad-opfinpised. | nt er f ace to be

est abl i shed at, L te.di L0 he. | of the
Gep. The preasur o ieh. TR rebloft AR SRR RO s WPl E et < ne
20 i nvent i orgliginigedaliogwablingoiveighiviarbeeteguoéd didf that that métat fisw sistemegf, f or
exanpl e, be - - r. hi ressurne.di e ,casting machi ne having
a nozzl e fro‘ﬁﬁ?ﬁe&ﬁ@éﬁ%@yﬁf%@%EQVPQO%EGXMF%&%ﬂ&"‘?enff 0% ‘8"&3?&'5?# W
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 nmay be of the
Thi xomatic type, such as disclosed for 25 exanple in U S. patent 5040589
(herein patent '589 to Bradley et al), in which alloy is advanced along a
barrel to an accunul ati on chanber at one end of the barrel, and then

ej ected through a nozzle at the one end of the barrel by axially advancing

o o Y C em— v .




.30 flow path of the system through the CEP of the flow path,: 20 ¢1e%
‘caV|ty In a further alternative, the machine may be . of the tzyz d L1osed
in our Australian provisional applicati on (attorney reference’ | RN642429) ,
entitled "Apparatus for Pressure Casting"” filed on 23 August 2001. The

di scl osure of that provisional application is incorporated herein by
reference, and is to be 27 DEC 2004 13 read as formng part of the

di scl osure of the present invention. In Bhat disclosure of our Australian
provi si onal i

transfer vessel bcggfynwgédéggka%ﬁﬁ éag‘%}[?dw%gmﬁ anTeé”n ‘L‘& o?hgl | oy
required for the ghilifyert tﬁlean\cﬁnéom m)proalude sgtﬁﬁd castings uan@mmlabdiﬁmilvalygs ven
casting, or fto [ u yen ast ng
whi ch dsual |5 aret HesSF HEhYRER RE RS pBl Lk te ey the
al l oy in theprevgisheindicatsieths wnaBV@EP@ntaageImsnhmngmloﬁ/a iormrthautlr@h- port by

pressurisgng i f essel om S ch o) t he
alloy is gbl gﬁé‘%ﬁ%@% n%S:%t ggg %rgt %'ht%ﬁén e eafe df oW s%ﬂé% @@ gé%é'wpb{% above
for the 10 oteb!emptmehummrtwméshasléldng namdw‘@t@dxtéhdmgtlié‘r@éloh@&aspih@ﬁ@nt

i nvention en r ast| ngs,havi m ¢crostructure
subst anti al | ggjlg%%h%gﬁjg'ﬁg'ls {’%n (‘?‘V‘f‘}g u&%?@pqgs' n‘ﬂpt?é'ﬂé’ the, IYROtieRy fine
degener at e prcanafoy eplanmieqlreSe ianteBmnat poriodfwisET exteady dpiayeowatddand e
primary particles Ie as 15 about 10 P{/m or |ess. However,

it also is iHdrCATEH ?ﬁw&f‘ ﬁgtgﬁed’?%@ @ér?ﬂ??"ﬂ?s subsignipyVuperpendisiday 60 t o

about 1000 wrtirangtbe vtlieRSiRing tﬁ'élai%Q:ak/myv J®he I@)@éﬁdrﬁé’@ﬂlféﬁﬂné asthedhedig@s having
come fromthe shot, s| eevg)[e refleciitr use of a col dchanber die casting

_machine. Wt B4R Gamde. ERsishetomaaiions, suitabls 'Pﬁ@tlQ!Fﬁ $fith) argyigeipgbndri t es

can be avoi deaterrmrr@m Hbing the a84 itd aviitdle @RdsYor & bt% Bﬂjh@&ﬁ%u%%cg%ﬂl‘l%' es
| ess t han about However, even with use of a col d-chanmber machi ne,

the vol une f 509‘?‘69{ OGN, (Whiegre @ palianed IGEP e be defiped vgthin rteg afi¢ vel y
low level . Acgatyy e ipmahnd8imdrRrimReds tﬁé Qlic 8Vityst JIRA b &ioh hddQlipSd ted to

use in Py ssur casting of alumniumalloys, diue to Its conmponents being
at t acked'dy E‘E‘SC CERE @igx}"' forriis, aﬁﬁl%‘mﬂ%@edﬁf thecaipsien agablheseipieabe iz al

avoi dance of dét@hﬁﬁh@téj@ﬂﬂfoide%ﬂé@ﬁﬂrﬁﬂiﬁloﬁ"Bc\étlbr? so far as new materials not
attacked by al um ni um al O%é are used or becone avail abl e. However, a

machi ne of the tyPEhdisefdeematal flow syskrsm of thenpresenddnyantion sieomerature
appl i cati on 66@&:&1‘%2%39%@%[%&1‘1@%%%?s&&r\rgg\tél}fﬁen? Qatofils. Mol RACRRY i €

casting machine and, as it Is amenab manu ture material s not
attacked by BRYrRenPReFAIEd ya tempesatuseobfromtaboth ¢60°Getodaemit 828HT ewbileoi dance
of | argepp depyr hil@iR@htdns) &
machi ne as di scl os<lad In *uagn ng\%%s?tﬁ%nggﬁ%P%cﬁfﬁgﬁa%?ﬁ@ﬁ?mgéfggi)boenabl es
producti on O@TQ%tCﬂWd'r@yOhl@h plfays someerngst. - clHadﬁﬁesUth eorgiionsiggoathi ch are
subst anti al 1 yj,kdi I [ 0 C 2004
14 As indicat gd ”g 08%]09 Clagm{g)éhl gﬁﬁk té?%ldl’ t cfh %rﬁ%(h com éra | ow :
{vel ocity at nhevadin 10eithOé¢|@rQﬂucad @itk mae@hsystem‘s odmdeosach ma’umiacmsadwr eferred
range. The f I h ti IowveI0|t|es
uaed in i gnonydB P dbieqs Wil 1) il 2 5uiRebBaile e
machi ne.ZAs $tate @l thixpirbpiowtsse.vel oci ty decr eases as the all oy passes thr ough
the CEP, due fio nere Ccro sectlonlnt | ow direction,
the flow vel oci tyIF'(th% Q%gt %On "%@W&%&“’ t%@péf‘d?"adf?@e‘ﬂ{gh "B’ even
hi gher. The $ystams,¢heaidigl ﬂow dykermadf tay piréSEretntlgherﬁthﬁ a}sﬁéﬁbt@wplroaﬁcﬁdne CEP
preferably i Q % | es such as to 35O | ess, t.han t flow
vel ocity at %fr ég%}sfa é‘gﬂﬁu& aﬁc?,yec? \nge 8r 5‘?”‘??@ Wrgggong! 0'1%“?1%(@1;‘3“ A% ances,
the outl et f f¢eouw\mhmmmwhmjrbmmﬁbgmy mvxﬂsmbutmﬁalusafselgrr@oﬁd @Mﬁiﬁt%ﬁd y at or
upstr canP ét ['Jng ﬁue%esc%% |tiJE)ns€jl die %mpergtﬂreosuéanehe in %\% rrrfljlrEgee gf from

about 66°C fo “about 100°C, with alloy metal temperature around 610°C,

depending on the alloy concerned. As will be appreciated, these conditions
enable energy costs 0 be reduced, while the lower aluminium alloy casting




-about 60 nis, the flow velocity at or upstreamof the inlet to m g, may
be about 90 m's. The machine with which the netal flow syste T sed nheeds
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 wth inlet and outlet end cross-sectional areas which are
consistent with attaining the required flowrates for the CEP fromthe

out put flow velocity for the machine. Th%s, for a nachine providing a

relatively | exmestbame &4row ih aﬁ‘H@; d&:ﬁ1 ; st an velocity,
the inlet and ogﬁaet cr ossféggﬂc?for&%lpt ar safﬁg}! t eﬁo%é@n\%.mp}é/f@%} r?é]«gd"} 0 be
smal |, resul iMAgVing diglosgediyded flow tine. Wth use of a metal flow system
according to the 1 i i in.which solidified alloy
is able to exhibi W@é%%%trldgs%ﬁ%tcs%@% e \egrt%g'? grra?d\gggoﬁgﬂ’@ﬁ |n5?rmﬁ?t%iheoands
resul ting fréWicatediveseirehondfzmsatsen] conditions o lone e diidraf tHdae sets

i t t ; | I i i i i, . _That 25
M or ost r it ure AV raEel " oS B PSP 1 el A cansibfang gt
degener at e deastingt@tpirti quality gpanteinoddisteiconaitiond, ritkowdh hesereadNont \ase, W th

the primry (! th 40 pm but with sone |larger dendrites up to
about 100 vwntéltﬁ’léﬁéﬁfartLemé'f%oéngﬂoﬁnssq?g@%@gisf a col d-chanber machine is used.

ghe pLi marly parti"ﬁtgegsmlatai MZYSW@'QSrmldthew‘;m@mnmﬁﬂm%arﬂobé’”&lﬁd | ess,

ut they als r even i.Stri buted. reover, the microstructure is

able to be o fi\galnﬁ%%eoélﬁgs"\"%tp?é@{"fnﬂﬁIol?ﬁo'f“rﬁnﬁ?@{S‘W'B'”Eh%'?i‘ﬁﬁ’m}ﬂ@J@M@ed by

the proctds bibweher, ptelpestt underethei Rver Acpbidiae S8R CBMNoRSt adtaifdor 1S

one whi ch resg‘!?ts. [ o tgehalal gie el enent separation which occurs 1n the CEP
Y& dh lgingnheng

{ under the cofl ashdeagangdlet v geod avality cosingss6am dest at e
possessi ng t piodatedpiits PUARRNA Sfoys! &f sdme sefiePRMIA R 1ot frasuided Nat the
m crostructure the casting, reflects this separation in at™ | east the
degener at e d%ﬂﬁ’?’h%ﬁ pg ﬁg‘M‘f ‘%ﬁl&?‘ﬁfeégpfﬁﬁsﬂﬁéaég@ s¥ieMas Evigmples péthsr i mary
particl es i nattBeadysivhiesl n@y.ﬁ@ﬂﬂ@dmrﬂecéégﬁwsti@ Weemgiifal %\lv%ﬁt%g# bfilel ed in

t he CEP, %s expl ai.ned in the foll ow ng. i normal gro “dendrites,
the corel®r PlieEeRt ipvgitiopgngelgds aligyp aféhe &0QR saieby rich in al uminium As the

dendrites grow Ufie RRACATH ORF, 8y thes RERREAEN FloEERLrehbed EGAULT ounding
he al' of ‘the al

nolten all oy accordi nglny i ncreaseS, due to t removal o am ni um
while the cofRERD MM Bhinkt ando dF @il @it ican vAe sbstantialli. ntherishythdeicr eases.
Thus, the grewEMisdensghib! §efnbing drothd Feaftesk E%&ih? td-Be Phadt], URLHEM O
secondary elenment fromits core or centre, wth afum niumdecreastng and
t he seconda_r%'b'l’%ff@ﬁ‘tat?%e‘iﬁé‘é\@bﬁ'@t 4thmew rigehies donbh to 2Aus, and prederablyuni ni um
al'l oy cantf ai Mg 1PEES N (SHED RScdMEnRh ¥ EERS, BOLMRAgdpLLe arowth
gives rise to dendrites which have an aPum Nl UM Fi ch core of Celfre but
whi ch, from $8¢808 0 EWaVeE eifferesrosmsectiansl suete as isnyarel emientanguleopgebe 15 and
an increasi NgJRABESH e eparation
resulting fromt heECEdlng@ faﬁé%a{?EE?%W%%%{ngyie{%&%a%@gﬁipg%eng%%m?ﬁ—gn\o@gsent
Linvention, dfbBsenigsdhedlimbhdly. eAcBERtMaR pavaehaxisoor tordtisd svhich idensity,
and nodi fi caty of o] A i ification resujts in a
f1uct uati nga%gr' etlt i }g{r;]\bt?vné},a% Img%/P g]rag'mr‘r@f}r}tegm?‘%d;m %egigf%é'ag Oﬁz’ﬁf'ér 8%18%t he
degener &% d@ideiline, a@hghatii whedeshiabhngs insdimatiorodf dilely Migwghadtabugnd

substantial l y unid.arm..J s opr cayi si nusoi.dal form Thys, while
the core or cent rﬁggi gﬂT}ta\:ngogg %ﬁogqrﬁ}n%ﬁiaué:ﬁaaq PR i ACGOTABNFS AVitha
secondary elremgrer of tvhealdes ofitleseyineludaend skzb o tastirg® beiridRRdé bk 3yga d

thereafter ¢ ' ain in directions outwardly fromthe core or centre.
Thus, with asﬁika%t@%‘?%rﬁfgw ch'ﬁ]@ﬁ’eé&g @951; e ‘?ﬁ‘fhg‘ﬂ%{rﬁ“?'@!%‘ém lgy P8gi n 25
nmagnesi um atcashehe tooation acwhich ellby flows IRetiid 8lesavith arBERERELS S@tent .

initial I¥5 [ Rcar‘sgase r.el a(taJ%e é‘? al um_ni um over .about an initial third of the
radius oF t NP EREPR Y BT 1 IsRed bived regip of dr diensavitve aati the t o

al um ni um ovmicrasbroctiurd bengesegd third of the radius, and thereafter

i ncrease again t%ht he out?r erimeter of the particles. This nodification
occurs in the CEPMeghyaiableg,pan mgked dificyibiogetaming the switable feamifPERes with

flow of the GHP Gyr angidert BastHigetoCBY ithide, TAtGehtUE thiab 890 !sﬁbﬁénl@élllym ni um
and seconda:ﬁy all oy elements in the degenerate dendrite primary pafticles

resul ts frofPlREtE Goairel s thatveicaasta cha Eling Gohpunade.siHomexel.ons of
fl ow conditions through a CEP generating a striated or banded
m crostructure indicate that, with flow of alloy through a




.27 DEC 2004 16 suitable formof CEP which achieves the indicated flow rates
“through the outlet of the CEP, intense pressure waves are gengr atlHd iagg4 he
alloy. The sinulations indicate that the pressure waves are at a | evel of
about _+400 MPa. It is known that pressure differences of the order of a
few 100 kPa can cause separation of 5 |l ess and nore dense el enents of an
all oy, such as magnesi um and al um nium The conputer sinulations therefore
point to pronounced separation, with novEhent of a | ess dense elenent to

hi gh pressurgnad g A0 Sl aher . density e t 1ol pressure
pul ses. Moreover, Fﬁrgﬁcoﬁpé?@r[%sr%hﬁq At ﬁ%ﬁg tﬁ%tgégcg[?ﬁt%‘ t p[qoﬁl\égel ﬂtcé?ﬂ’?ﬁléq :
pressure wav&diah | for henasy apwpeetangesh e affouim 4diomstrublirdhbsbstantaiynd t o

accord very 1 ulhs.,achi eved i ctice. i ndi cat ed above,

it is found ?“HQ??"(%“&W‘%F?%&N&?%P@& '?rﬁeég%%&ﬁ%ﬁ%‘fo é‘ﬁﬁu‘i {]q(%bh@ B#%vi di ng

for rel ativelymedpmind treoshidlisideval inoheicas@ oflh @olakahber AR 86K nmdehpet he CEP,..

t he resul an(&ﬂ}.st r. atbﬁ?s ot bands in.the microstructure of alloy solidified
h

h )
inthe CE ® MCIRTETHIfG I o8¢ chpERAerssd Rinfinerggenasate; dendtite drimgnbet ween
centres 15 f pariigleede sshueixlof kecdirnes ﬂhéﬁe, Rith 8 ¥riRhSBRIMicIOf 1SS QORI Y

el enment, is about 40 Eim In order that the Present invention may nore

readi |y be uHORSSFDEE,ah0ut dPaiR O HeRs: | Komliie theoCBPria e breatie to Bthieve at ed i n
t he acconpanyiigig heviagl @%mi?s@né;!éﬂét@einlité Slof %Fegcﬁ:%ﬁ%)fl,vﬁn Vil wid iy he

engi ne end, of a conventional die cast autonotive transm ssion case; Figure

2 i's a perspbBetsesees fiptomia poPertiass and Slsens dade alfle v guaietaib, thatikite f r om

t he gear hox gREihdEetb ' ' | [ ion
casting as in 25 Fi gﬁrgesr%?é ?n%egﬁﬂg:%5$%2§é4Q$ %I%gspé%%trf@glpgﬁggta@{)g?o;me 3 but
. show r espect pedie edhy. netitadileash semedermas ot CER eiiestsiashievadbis, wsing a dié gures 1
and 2, each Ry ; i ! t Jow s em
accordi ng toﬁoﬁgpﬁﬁgéd@]%_h?ﬁegﬁtaiegﬁ r%—‘?‘éﬁgr&g&%ﬁ?@ gﬂ ‘%?‘ﬁﬂ%ﬁl’n&i‘a é%‘%ﬁi onal
vi ew i | | ust r BUPAghat sofifdiraticnsef thg alipy S0alde p prgrdssrimckiisiontye £ERadh f | ow
system accor g QirRHeSe Rl ji.on; . Ei gure. i pl Vi ew of part
of a die form;??%slﬁs)grgéép@ggﬁi ﬁgﬂiﬁ dﬁ'ﬁrrﬁér?i grﬁdgcﬁ%y,ﬁ"c}%‘?tt@ctt'ﬁ?ni ﬁg'“'& ABtal flow
syst em atZor aesegsady dednifives ehall evitatie fume fdr2a CEPa alteiohicmbaf that epediken on

| A- A of FEi . Fi ; I. S j YA | - B aqf Fi
110 757 DecTsGo e i< R b dn i, B ol o 4 GREPBIPA  ne
of Figure llaugntifed.eatigast wharssibetindicatbd eptimumaleeingomidrosteicy®fefsofiegur e 11;

Fi 16 i sck i . ' f peri | j
1 Pustrat i ng S PaP trayep GR REAGHES Mndpr BT TR0 ablihirbl (o (ne

present 5 i napickioms Wherertbatl Fastimganipfashustumnsabqairenst ao@ptdslined,
aocor 0 o L 0od LA, L AT LR ARSI i TNy Pt
17, before ribisdyagquired 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 fo 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 Iéteraily 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 ym. 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 pum in siie, such as
about 10 ym or less. Thus, for examp[e,'with an aluminium alloy having
magnesium as its principal alloy element, such as the alloy CA313



fromthe die tool, taken on line E-E of Figure 17. 10 Experi npl e
A trial, conducted to explore the practicability of casting z;zr@lurﬁ?um

all oy product, using nmetal flow systens in accordance with the present

i nvention, was conducted using an Ube 1250t hi gh pressure col d-chanber die
casting machine at an autonotive die casting plant. The trial involved
casting 15 autonotive transm ssion cases from CA313 al um nium al |l oy. For
this, six experinental flow paths were ridchined into respective cast

runners whic i i i , faqr i

di fferent ne?%é}?%lpg\ﬁvﬁggtsté éﬁn%g%%%%ggldﬂéyg gﬁ%h‘g,ntlh%ﬁ%taﬂgﬁ ASE@ aﬁ'ﬁ:}g}? ?IJQK each of

t hese runner gJlonitthr2#), sit isdorinte thetl aitersats tirigtiopacdr bands tahe reipecthasgy | ng '
tool of the : I chi .and. 20 casting throu ach fl ow system
respective t rg ‘a{ﬁ‘g'ﬁn@%b@ﬁ d@?sﬁ{égﬁ%?“éma% t .dcu?h{? lsg?ﬁ{@{'?rb%g @ﬁa’ﬂ&e \%EP%‘%/

desi gned to ehsbihigressad leas densermdgoesipar Themlurhinkiat-fichuBandysre eélatiighect i ng

the moltep alum njum.alloy,into the die_.cavity by achievin i gh speed
oyt of CHEBL I BHRANC Ynbeh T oo e uteed oh Pt Ol dhgRRet 1y, 25
The transm sslendrite aBeiowesbHsemipRs abs thanooualin bize, ?JBFH ésratfuw 19%§|¢or

nvent i ona aper e

superior, to,producti.on,castings made with a c ap
tangential r l!F?ﬁ?er(]i” §%¥%ﬁﬁ@@%s?'&w&@m%ﬂqé are fowRE do PERIGBeIEIN SaERMEIRNEd t o
machi ni ng. Aphdes mitdradidiel mict@a%hcaew@fmé&ammxmgwgi ned flow path

n

provi ding one of the six netal flow systens according to the invention was
much smaller in cfd&s a8E0EEG: P GhPEiRTaralorn of i iRyERtian, Mere impravidep

possi bl e1and nptacidue alstb, BEOMICH bRssSBredddsihGidfArAhIRY 1[ing £3%ddsifs using -
flow systens which result in substantially IeSs renelt frofm each casting,

. wi t hout | oss C8$tNgUBRERIRE. Wherein dhe sysdemadnsdndes a maHiera dirtas! epmpemasd it r om

nor mel pr oduGhicina AlindéXafd SNCRPLSAELTicBsC sk o & Tbl ﬁaaqaél&ﬁq 2ot I ve
transm ssi on cases produced 27 DEC 2004 1s using a cohventronal tapered
tangential ralwepiugyaioyis aplegarfiow for infeption ite apdie speitt definedi v naultn t he
engi ne end Ejapg: e r-?tp‘g.ﬁ]t'v fl%rﬁ:l t;
transm ssi on?cagétsmgl;%gﬁieggégyﬂgmﬁg?r'r@ pr oﬂgﬁ%?égﬂ&c%/c eeﬁésalf’nlg&t? Re"® :
convent i dhal iIn gpes-eacticanareiviicreininerstatg if ehoy inritsflqyuthesudgh tedCBR it he case
5 is shown atpL0 ot P d S 1S, | ached. r e .. In the
schomati o st i el st | oot Achh e eI Phiol? pBheseat 1ketis
prior to bei A@Pertiesmad for erabithdecaliny inhatigateridifoat it thehdiesqavilg/ anchner
metal 12 wasypgril whd Y.EERRY %fofrr%ogﬂc]% m‘e&[@ﬁ{q QbiiR3ASn 3 By ) WY g 1 and

2, produced I n accordance wth normal production practice. TR M ufifers were
10 separ at edcavity argl basktadeng tndlonspath évin thenCEPgta progidetanesniédrdlcadtthgras cut
appr oxi el | i i C ect I tal. sections
14. Then?ées pg%\'?ﬁ%ed gﬁ grgﬁr%h%aﬁﬁgﬁég%ﬁg%@ﬁbynﬁﬁ%icﬁeggﬁ? r# é(; nc:eg(dlﬁ%(: BT unner
trimred fronpartipiesdoca inoatric adtsecgndamerhapkaek, solidiftedr m tHeaCER ha® 4 he die

‘ . | . . cEp . f ,
2705 [ Panem TrohARLRT, BRGRE P e Aol oot SR oH R L gty o
.syst em accor di bandsexidrelingwarsveselyt witloregheatho die AR Fdwatheratirbugh,avitroy

flowed to reggh - i avity. Each of the six .flow paths wa
et gned to RevePE r0lnd Tud Aok lenaR seerrtBh. 2 it HEDRE Ry (o
achi eve 26 ghrelagivelyi tigheretial rekpestivenenidngs cand tryspdativélngint pemiary adnd t he
settings for_the Ube die casting 20 machi ne were not changed fromtheir
producti on v%‘?%@g?ryﬁma‘gg?(anpl e, plunger velocity remained as set for

production cast Ofhd nRBRIGrSSisOHréAsEs aYsibdbstiBe pRaIlvRat P Brcld BP &id
tangential runner. As a rml t., a_ hjgher ﬁﬁl oml%%'(w) for alloy entry to
the die cavi‘?r)?fss\‘/’\}ﬁscgt‘%@gp (R Sostaptaly) fiHygno GEPY S (SuBplieghdniite ratio
of plunger cpressurgastimaal f[@bﬁ@ﬁstérﬁ'?érﬂo%éib%/a%@vfba@ﬁ d@ﬁné?ﬁﬁgthh'@?@cé}n cross
25 sectignal, area (Ar), as represented by: W=VP.\ AP J Ar Betweén

successi e tlojafiecayity Agined Ry agoulcer die; the Jawsiath isrdefined adlasgt indarhe
invention, fhye RbAEUSE HieNobRSdhHSEeres %Q%i#%@%%ﬁ?n Y 88 RN

tangential runner system The third and fifth of the oduction castings

were col | ect@fieops portet i Trw Pail, ardER whishr fre@rrinteh endldo en odtieteatit i ngs.
The casting gapdit herssboin .en%fﬁg-%lgctmngﬂafeta' WRerdBY St of 1S aldyPR 250t

high pressure di € casting nachrne.
flow through the CEP is modified to achieve a semi-solid state possessing




.27 DEC 2004 ,. 5 10 15 20 25 30 Melt tenperature Al um nium Iwg;@pgj X Ws
(nmeasured) 19 635C CA313Casting .8.7 kgRunner .0.75 kgBiscui ot al
.11.95 kg. The conditions were the sane for t he experinmental trials, except
that the runner nmetal solidified in the new runners ranged from about 0.05
kg to about 0.13 kg, in contrast to the 0.75 kg for the normal production
castings. The Ube die casting nmachine used for the trials was in full '
production node before the trial began. 1Bach new runner/ CEP was pl aced in

the sliding ﬂrﬁbfcﬂ‘@)pi%f prbb@rtfébeadd"td EARRCHhe ?'Oﬁ%tf’&esm?@?f \i}{éa‘t fito A !

there by a Iiberal anount l'i cone sea rlal cas |ngs in
accor dance wWFaWty e W@ﬁdﬁelfiﬁ%@@lf@mmw%@gummt n\eﬂh sliifeali@EDf thar e

L Lustrated sl Lo/ 0400 R kRTS8, o0 o L1

respective newrunner own an
of illustrat r&mi’tamtheaqimgdh@\tm@m muineirsctaimsi blhardcttansem byi fiee @legbnarats

/ Eac d d I
casting vas S5 Bfe! BAGERH) Sndnkdr P enr i Ges bothan e R oy
producti on qUG&F hgs omnhucuistmehmm’rmkaotaméda@amtnd:kbna W0 bendd extdihg
| ab | t howed h h
expor  mont al | BRNEE MiadeSer e llk ol PRreTH et e B S bl e

castings madioinnaliuyr eemept (}mpetatlon aﬁh\em&xpaémawhanhdmahum eieRérajnned t he
| east anount _of ﬁoro examn i ncl udi ng normal

t
product i on cAsPPHYS ei%m\‘('ététaé‘g rﬁfﬁ‘q ﬁ I’{’]ﬁbprf’??réla”gﬁﬁcow PB#SSwere cut from

the produEtion arithet pricfdrredsysesm GAE ipr@Ss aROESIHS sadh HaRaPESELifta®Pesi t e
corners of thﬁe casg_ll nccf‘ls were .renpved to exam ne the mcrostructure of the
21y, Jetngs

.metal and th BARYLY S, SHificEatly rapitheths Jegactiye raicksiieHeas are
appr oxi mat el ybtzBetm Hedrovddid @ ofidiid=A6R radd ﬂ?@%%b'f)ﬁ‘ls Ahid R hWis B {Had

fl anges at eJther eg_?p of the casting. The polished bosses then were etched

and exani ned &Y ‘Qﬁ)‘fei"c’&laqﬁiit@lnﬁ%lﬂﬁ)@e forhgal $neray peractiop fiom theooX. The

| ocations of mbhie d1asises seievé rtlﬁl@:ﬁ?e?rhbé’ﬁe&&%aﬁ/xﬁeédn%f‘ﬁ@ teﬁﬁa%?étﬂ:%soﬁ or
exam natjon were the sane as for the normal production castin i GE

G 2004 2 Th@eb%ﬁw%ﬁ@flﬁmf@ﬁeﬁ{ii’aﬁw that @llonda the GRR ds t tqcchmm y
cont ai n poroﬁiﬁﬁle@UW(ﬁs@ch\%ﬁleﬁtQ' REREHBrgy TG LAl féalﬁwﬁ%dltﬁ)géf'éa% fihgr the

particul ar bosses were chosen bécause they represente urther nost
poi nts from st epdghtie GEPpin anakieig Soﬁd l'%‘étﬁf@’fﬁc@lt@é@ estahlished ahwer and a

| ocation t haiat didiinds LARRSRLIGRoRNMSH! SnParfiBRISp cont ai ns por osity. The

third of the fi ve nor mal production castin made t ween successive
experi ment al castlinggaegriye sw@sting maghine Wlﬁ“ewhb?htibe rogle! ﬂ@c@vstensoft theconpar e

the m crast riggditoRs %éd“céljﬂ%e%*%‘%f n@%f%‘l é’rﬁtfb;‘?&s ttylar?btféf%‘?(a {eD;Br LOSi ty

observed in castings nmade during t tri a inatron gas and
shri nkage | R BPY §é§01ﬂthﬁﬁ"é)etf Ihi&bkm'ﬁs%tﬁ@ §les@@tm@)n‘§chrﬁhl®wr@ 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 cavfty.
Aitemaﬂvély, the machine may be of the Thixomatic type, such as disclosed for

25 ‘example in U.S. patent 5040589 (herein patent '589 to Bradiéy 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 hersin by referehce, and is to be




.common i n castings where the bosses are fed through a nuch thipnneyt (capgps y
section, in this case the 20 nmthick bosses were fed through a cavity
section of 5.5 nmthick. There was no significant difference between the
type of porosity found in trial castings and production castings, only
variations in size, 15 nunmber and |ocation. X-ray inspection of 57
locations around each casting showed that the porosity tended to |ocalise
at the centre of the bosses and in the thicker sections between bosses
where SNrinkase aeSoffiR bakdrinkogatdlie M Prazht xm%%'{rsw“'g eared as
a collection of small gas/shrinkage pores rat han a Iar ri nkage
tear or a |aﬁ+@°é0$%|%ft edr dasstrpliare pravisionsh expplieationo (BNo B4p4203 e thesbomed t hat

pore nunber f (o] in_.a bos ranged in
76 from apsoroes s o BBH, SR b det Yl 3 CaParliy SFluerd
sonet i nes. fl‘oeﬁwr% vbbinhe of @ﬂw:tecmmearmr transdér waatdiegsl dndesgfidignded to be

of gas G RO dlfer CRUELCL RS GRbhidqcuelycalBRlingS @ RrREE! ofsa” n o
Fi gure 3) t hmsmmhmyt@ml@p&mgﬁmm aligh @mahhhbmalvtm@tmhh ?‘Fanéf@ﬁ@éﬂs@{}sd f
conpared to ion castin or OSi nos consisted o
fine di spersté‘g%“8 £ sh § YROYE™ VeHE ('ﬁ%@.? t?iheaﬁ'se%s? ga B Oéi‘éfd?% bY to 8
were of si mpireasuqsmblatryuﬁﬁbrtregmﬂnef peedssdl Frofasth H&@har@é%ﬁ' ﬁ@ccﬂlow th

ion of nore porosity In th

current syste d ad to, aptici

exper i ment al'® %Egatm% EE 'Bllecﬁgdg'ﬂpe@‘%m?@?%o\ﬁfsﬁyﬁﬁem Ré drswibemhabeve far Hh‘ﬁ in
pr oduct iién Gﬁ&?&rmmﬂm@étyp@sﬁ gure 3 which had been optim sed over many
years, but this did ccur. Overall the experinmental castin

Cillustrated by S 2 ed 2bRys et Hisbressnt invenim gueblen SRRAuC en of he

‘transni ssi omac@ER ﬁgvihg @.e SpRRVhiBrodiridG %ﬁ%%nwnw hehiZ e %tequa' Hf
not better castlga?tﬂﬁa]t The new runner system R gure 4 f

produci ng ad™e%s t’sal’”cﬁ%%?q] ?§ hRyingaline deppagrata parr@m periclsagh @hannel
R(a) from whickhx af seeomrPoRARNARN 1Y PimEnfses 1438 R h@kﬁyeac b oht

angl es. The channel s R(a) and R( b) are of "20 mm di aneter a ends in a
respect ilve @EP'(‘fa1%)Lm@)pf laser ddewevgrtinpler del incicatan et tsbow lalgec dengrites to the

die cavity f i stem R of Fl S lar to
that Cof F gue 0 810 8nak a0 eat ] u RS Pafent, e et thigre or
about 50 andreidalicdted Sisnmaniiny dorageiods theTbﬁotSsléé\ﬁinréﬂdenﬁfusEIcﬁtﬁ Qol- has a
si ngl e chann Eé é and En%%ﬂ L\m g %rﬁ‘] nnel as sections
mutual ly i ncﬁarﬁ' e Gasy0e "%n us® PHREL BlRchippethiy inWgenent of
t he runner s:f/ﬁrgeém Rerafritks gun ®e7avo‘ide$ll prdvitling @ édéﬂﬁg Q\flthFérQWlﬁ’e ?,fm{gw\ever

i ons are relatlvely hort and

t he chagae | ?4 % g n‘ﬁ

di anet e aﬁa 8 PRAGIhakpHfilekMR(Cgwevercpyaik with dlsg offa MdTﬁﬁ*ﬁ![@eﬂl anet er .
The system Rehinkl I GHMR it is
of 12 mm di anst 'é‘? O Pl A, SPMychlploRR paRIcE BHIR (e Lk, ',
blind end. E"‘g lgvel. 9 has an arrangement sinilar to that of Figure 4, except
i that channel secji R r n
section R(c) is %f&TZGW&)&i gﬁﬂ% er. er%g&cg&t!ﬁ@ﬁh&mé&gﬁ& SUﬂQ&i té’ E?Q ]A

secti on R( byresguiensasting dif almioemy Bljoya,nrdue tohigs P@ﬁmm&ms bem\/@ﬁaclwbby ons R( a)
and R(b P¢ i q?&,e S t Q er

secti (()n)25R( \ggﬁelbﬁ[ti@:zs @ﬁmﬂrﬁeﬁ r a?f h@c@é@t 0 a%ge\%ebrga’&Pée [ a{vo c@ﬁ&e %tf r%fégp

di mensi on aﬁﬁ%ﬂ'ﬂt? Refrtialee odlyeincsey faryasf mew ceateiialg oo atﬁhleacblapatumlamrm _
illustrated Vi |

channel s dr ialild.ﬁw’dal rlglr?% & Oﬁbégoo'ﬁeéﬁ{’ﬁl\égﬂgt %e%t% m""&ﬂﬁg Eﬁ’&ﬁ? ﬂ'aaoae(feductl on
in runner slfz@uarﬂildveﬂomtmnleédmmsnnai applasdpn GIBNaMEZQE) frevidbs aamed

present | nvartrane B Aol R e Bt o, ALK HERe 14 o

syst ens3@er mahu@lcmretdsfamatérradmglbt Gitasiaat bgb@i:mfmu&ﬁeaillowst@ase Mfcxsscopi c
exam nati on

Qns fraom bot rod ri mental  castings
showed no sfn%ﬁilu Cfaorgia'f‘3 %ﬁ%?&%g@%ﬁqﬁgﬁbé chg‘? @P@C‘eﬁm Ysnyse of ihg
experi nent pasestiowenticnainh eﬁmhblﬁﬁé@h@@c@@e@%thalﬂ@rdmdl Apfidadien @RI ni um
~alloy could Md th a duced netal flow system w th consequent

savings in ¢ %@g{esaﬁﬂjwﬁﬁ?rb\? oghings; oy highopres heschamben @lie; 5.

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




.20 25.22 Wth reference now to Figure 10, there is illustrated the

" production of castings 40, made using CA313 al uminium alloy &nf 250 #280fne
Toshi ba col d chanmber nachi ne. The casting 40 has broad, flat areas 42, 43
and 44, a difficult box shaped area 46 with cross-ribs 47 and bosses 48 and
49. The casting had a length of 380 mmin the plane of the section of
Figure.10 and a width perpendicular to that plane of 150 nm giving a
projected area of 570 cnR. The die 50 udéd for casting 40 was desi gned to
all ow the option e in

mul tiples. Each |Ar§p'rng§§|fggr?&)dva ! khﬂmabggFﬁih%\?\ﬁ%logh%Q% “ﬁw%%' Fb and
F~ respecti V@ e ude] ead ofu Efpdich isradossotnt powithiniat prefmrad ranga.e FTham
extending t si,ons are able to
be varied |(r)1ﬂ(§\|(l){sl?l%‘?gﬁ§gﬁcf aftébfar%qgﬂ-l &QEZ€§§%r é-mgﬁlegpg&f@zﬂ’ Pt can be -
used to i solCﬁ@@aéwgimlneﬁmf@slslaofﬁhlxomm syrevofdeathihe. omsthguHHey fIBw casti ng

wer o bl bokea S atToraRyes, P B8 WER RSt JirosbREY e 6 48 BOCERPGeT T nea

by bush Fa, inéreesiga in nmseesebﬁlm iA the flowrpliresigin e Bvanelogity éﬂﬂ% Phstanag filled
w thout diff t f ual ity and.definition th ghout, wth
m ni mal porods::tt”e gugﬁ%\éﬁo?%i’esg%f? Rgsev rﬁ@}eé nﬂw ﬁ%l"ﬁ' Cifeg ‘i’@t?'l‘i’é( bushes
Fa, each defthmulghgha orutﬂe#)emrl b/ the GEEP dréfe%hls%m SG%QesfsU@ﬂ@H alpswas t he
sanme and co e ch of bi-| ater rical trapezoi dal
cross-sect i E)gr%r h %13 @T‘?ﬁ’iﬁg OH"a‘éel%c'téf@ﬁtoﬁ UB%FQB/'B Ogm;g‘ﬁlﬂ}tﬁ“%"am?epﬁﬁ’t Wi dt h of
4.5 mm @ vimgnairstarsess e bammlﬂow edocify Aldy25e BPBut fachirdd oh thadow t apered
bore of ci rcuI ar, CLOSS. Se ctio |8patdefl ned its CEP. Each CEP was 20 mm

‘long, with & tloecgiﬂeaétqrv‘éosl TFPAEY Ofa & €ng t18Ah 3 2% euletdlaw rdapt area as

follows: Di amueso(mns) tHexfidw AeRait( BI8) upstream of the inlet to the CEP may be
Bushl nl et Exi * EXI tér4612 28.3]15719.638.51117 -928 2}9 DEC 2004

23 Thus, thé é’)lé EV5s dhedreshineaywita waichdhe gagtal @Psxﬁé@"%'bﬁﬁdamﬁﬁdéltpy | ar ger

than the cr osse RChlgNAbtpar few 9bloEREwhieANS lco R te RV &t 'tf'ibs%h‘% Gi?éﬁer‘i’cfs bush 1,
t he CEP&%r ea s about 40% | arger than the runner area. ﬂ and ||

each had®an A nIPEf HYYJL Naghies; B\’?dpeté‘ff aw jsystem W%ﬁﬁjstiﬁd’taV@fa @Eﬁnfélth Rigt

al t hough it dngl slRt&fidt c@s@%eéndnaﬁhréa% WEERT4r8! coniktdht Qﬁi%hat@cmihgstpﬁs ¥
and 111, castings 40 of excellent quality were produced, despit

conpl ex  f or FEAYIRdlIqw rates for theaPEP r‘%’hé’ﬁ odipyt flow yelogie faithe manhing.e of
Figure 10 t aHeberk athachihd gkd%lﬁ@g@elaﬂﬁlﬁldmﬁéﬁ’tgﬁ%w Uélgli@a@}’%uc‘}w LyqpLhi rds

casting through to region in |{$re55|on C sting was of good
qual ity and% f‘?‘ﬁupﬁt@hve'ﬁpltmﬂmn ARGrattiel srensreeptiond araaggs thyf CEI?eNlﬂhort

shot casbi ngeat t Eg's%llsréé@ﬁmbméwQﬁ@ﬁd%}?&hgme vertical line across the
die cavity. The edge was of sem -round orm This unusual filling node is

typical of a "sol\ith ppeafta metal flow yelesd arberdingste thke Dthaeel]m inyention,
i nvention; Hhahgi § citbt i Writh SPRGRLJ Ql[ﬁFgésoéﬂe"“té 'bf&ﬂ)‘ﬁ % @J’ét%u’é};.ﬁ!a' oy in.a

15 sem - sol id state. Turning now to Fi 60 shown
.therein has chagctatiged b sdiations ﬁal@@cazewtwmfrom dlioy eienent eéparatiorsiitis | ar

o Syt Miea R SR, TS RIATERL s By L LRlE! (e L
shown a#964 rmgaropirgpju@ igtbroadly detailed above, in terms of it hawng 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 pm
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 td 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




.20 The netal flow system 64 provides for nmetal flow between @ Tt
machi ne nozzle (not shown), when the outlet end of the nozzle is app |ed
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 & system 64 which comunicates wth
die cavity fndTiet m@nw&bétr&%relo?%@%ﬁs | Ried8 ii!ehaR¥bRR ulapr dly
away from surface 62, fromrespective tions wthrh runner sys m 74,
with each ofhehgpgenerateadendrie paeemmeﬂnakee ofrihejcastiigo raspivith (cmmpnmqwm) for
use. in ej echh 7 n ed in
cavity o8, DRmeicsph fo BRI offlon oGRS of AP SEFRECH P CEFSt her
hal f for nedas gxplaneddnphreciobowiagy die part. However beyond thi s, the other
die partgznmay hav r f o] machi JCh sinply
cl oses syst em 649\911'2\/\2{3@1{{5} qrﬁ\'g{r?] ggg‘tekggt%?’oft rc,ea\(}’rt q@%ach? 004 24
The runner alively Viahuncdtlummmna s ithe @eadmergmrme@n&atrmmbf@(tends

across the r e  channel [ 72. At
each end, rl%%érg)g]rd ag{;glﬁgr]:senéﬂfgwgp%& “{)anad‘aa%?%r?%@@?“ {Aressesi G 80a

di ver gi ng ftootregacioval dfdhe Blvrinidis), atlle the areeiationfof dieaMiriu®ln e
respective C ol e 78 co nicates wth each portion 80a
of runner 8 rp‘gﬁm?'{eq‘rﬁ?ﬁ dtgf;reg ?%cf %9@&’%}% ls agraggd afio at one
end, ext@ndsf Ehmmmnn'et@fsebdnﬁjanﬂreter@érﬂ fdia inf comi & 4IRS rwiBB0 alufniigR 76, from
a location intermediate the e portion 80a. Wiile the formof the part

. of seat 66 T% 8?%”%%9%%%%“@@%eEV‘F’EUI“ﬁ'feaP'HQiaﬁo%qeé%rﬂ‘%'ec?'h%elv%er al | el

to face 60aamfaltniupardiopGonBIine nddABSEM, Eaeh %Hhathllapdcm%%{o?mép and 82
have cross- g?qérhé)%g? ich are of substantl ally bi-lTaterally symetri cal

t rapezoi dal odYFF BPhin dgadriies mhidh bave pe aliseipiunefghisoromnd mai n

runner 80 eca;rhretmewﬂcwrfmm%?é enabni, vk d%@@é%m@@ﬂmrung’e%tsn{ unner 82
has a c ss ctional .area of about 14.4 m? rst part

76a ext aww‘f*?%m Wﬁ@?‘“'@?"nf%ré’w@yﬁ‘i, thepkpyelemant sraratioses i n

dept h, suchretshmh | fiSMC RS EEPEGH | HNAkt t{at nner 82
to a maxi num of about 16. 3 me. Fpgémaﬁg[rgﬁ : aérlﬁ? rdclﬁi% lﬂ@ %'%TS%ELFJ’ 76 has

a part 76b. BYCREHs OGS %F@p'tOhaIMte'emﬁ@t asgiidnven \ﬁWijﬁSI@fOf@&nsltW&nddecr eases

due to partmd&ficarp e REmIAINEE ﬁnurfrﬁ empl p t e angle.
However 20 the overall effect :bg ¥ emgr@géﬂosneﬁerspg%g? %a?LZéeiluo léCEP 76 is

great er thaffrighien & eﬁosoefemmﬁﬁefromzthem@ of kewtreibli tendegenardteydentdtsi ng
t hr oughosy :R1RI64 whidH, H&@éé% & 13 @auélla% swegeﬁt.slgo aﬂr{}aw qg%orgzoftgh?ﬂe' n

CEP 76: Wth -use of an alum nium™all oy castin I'on havin
ar r angenent?S5RYPRGiRUEPide] frg. 1H1U8awhﬂetf@sccue@rabhee tsoridher estuniimumuccessi ve

25 casti ng dnectehstively BineinGRY kb {Qgry WeHenE rH?Ie %&rﬁ%ﬁ{ Efe%e'ﬁ?ﬂgtgge%per ating
at its usual casting pressures for carre ni um

Lall oy, supgheeéplisyaricherrsiter mrtmagwe Ila}dpretl:t@@smn!t\awdly f6Bn tid omse arhr ough
sprue channghié2 ARd e 68 vi a
Bp T, Thetrues THIE, WA siS G 00y o ar DARICEE TR erE Y toa o2 1o
such t Hat aﬂa@nﬁelmeathewreas@emg b fdin ittens, the hmghbmwwmnmwmt;élm

fo 110 m seur s PRaALd BRefHORCERer Sue? sl Bitcr R e85 Hects 76 is
such that tdegenbtaly dehmw\e\mrtms; yhdrhdeergscCratike tbsal@bintunt @vbeabduta
sui tabl e range Q5,308 &omk ra%%smasn% theredter dncrease 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 sim.ulations of flow conditions through a CEP generating a
striated or banded m_icros"tructure indicate that, with flow of alloy through a




.consequence, the alloy flowis turbulent. 2 7 DEC 2004 25 jTheyturdpgl ence
is increased by the sharp change in flow direction for alum nium alloy
passi ng from sprue channel 72 to runner 80, into part 80a of runner 80 and
fromthe latter into runner 82. It also is increased by the presence of
alloy passing into the blind end of part 80a, beyond the inlet end of 5
runner 82. Despite these matters, the indicated flow velocities, and'the
angle at which CEP 76 directs the alloyiginto die cavity 68, good quality

castings arg. .ahl uced, .whether at -t hi gher, or | ower

t enper at ur eg%'ga%(lﬁe {Olt"g‘ngs?%a%; %?'fcéaa%‘?\ﬁelséae }Céfﬁl?bff}qi’f ‘?Se{hi%uql"%t?'ﬁ Weemati ¢

El epr esent alt bﬂqhe_cﬂEl%,rintlenmpiagemeahbl a\ma-‘lré@g?é@teﬂ_)ﬁﬁlﬂiﬁ SRy, JheRn @lhtiér%zti ng the
i stance alum niu oy is able to trav uring casting in accordance

G thoire o e Rt e renturi st o B8 el ot anousEadn Mk, | R i 1o,
there was ctheapedsaren@fierontdOuf ihy Tr@ihob aGBNSI0B PRGaA cafsE Bapdialiofofr oVi di ng
a net al %I ow tH endi in a standard tensile bar inpression-B. The

a
channel ‘T h%§> & AMRR eigs Slsaanie of o abay. o AfMegeHUMeHgt HUBINIUM30 M 15
Casting trishs MPRRIEALIMASHEHE thrbRrd NSiRtY & SR8 uﬂEecFi&ggF‘aéi%ﬁ fith @ 250

tonne col d chanber dje casting machine. The trials were conducted under

nor mal machi"R¥e'BERY gk 7 iesceerRa Ploment de higlepreaswerisasoamthiof @i kigher

t enper at ur egery disrhast B 18R HosdlrBYb RSt SRRl gy es 11 to
15. As will b?"gppr eci at ed f@Jg?n Friggbure lG@b%ﬁgb%gﬁ%Egme%gﬁﬁﬁle@ﬁ of a
tortuous natifigest Pt Bedatensgprasgirerediestvwdinbave awhvelengtDesd pbout 40hirs, f1 ow

T Pg S This aStha® IV LS B Fesole 151089595 i e er e

. not to be antlicaied abavehit iefondrtbat, fiar dfoywokdifiet] int d1eCEPithdeh owmdigoreast i ng,
sccor di ng 0y BtSPERAeB A3 kA ERART R R 4t ket CplE biaplaeS o,
respecti ve basesgtn84stristioes cadtandsisi tig: midrbstructurs iofgiiey €BRIiMsd IMeCEPS. I n
the latter t P were. sel y._adjacent, and received alloy from
a conmon r ugﬁéﬁav%'%éﬁvﬁ &@%?Qﬁg&mmag ’Saﬁl? %P@Fﬁigﬁ%ﬁwﬁ% €A y bel ow
Fi gure 188 sbpwecddaeiveaike B4, oF panakyOelbisnt & SRSRdAROTAed, @'%tae&ht 85 30
havi ng a fl%ﬁd die half 86 and a noving die half 87. "As seen by

consi der at i'Ont8f Figures 17 and 18, casing 84 has a cylindrical peripheral

wal | 88 and, at lﬁ%dénﬁlxa%)ftné\@dréséﬁ,in@e&tibﬁ%gfrﬁ&e%hhilﬁgs &c{é\‘&?ﬁcﬁ of

‘Wi ndows 90a to 90g are defined by an annul ar” out erpart a of wa 89, with
wal | 89 al S6/@aRGeNGO% iHUDeRE dPyarergaserds diusinetad parthe 8atompayimgbead 89c
w thin wal Idrg@ir@rs_ound t he '
20 Figqre 1 is a perspective view; from the engine end, of a conventional die
cast automative transmission case;
Figure 2 is a perspective view of the transmission case of Figure 1, taken
from the gearbox end; h
7 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 prddﬁced with a
respective experimental metal flow system according fo the present invention;
Figure 10 is a longitudinal sectional view Hustrating 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 127is a sectional view taken on line A-A of Figure 11;
- Figure 13 is a sectional view on line B-B of Figure 11;



.27 DEC 2004 26 junction of parts 89a and 89b. Also, to on ? ﬁ%{
junction between walls 88 and 89, casing 84 has a triangul-a Df p on 91
whi ch defines windows 91 a. Casing 84 has a wall thickness of about 2.5 mm
while its internal diameter across wall 88 is about 112 mm 5 Successive
casings 84 were cast on a 380 tonne |dra col d-chanber die casting nmachine
fromCA313 alloy. As ladled into the shot sleeve, the alloy was at about
630C. In die tool 85, aIon flowto theldie cavity 85a vvas via a runner 92

and either one org; £k 4 té%ﬁ't f nner/ CEP
arrangenent can be&g%pr eci tedﬁs ?ﬂd%?"%gggﬁar‘f%g?’ (lfﬁﬁrenfgtoa( \LM in Figure 10
17, in conbinati dﬁgwet‘lﬁ is iesectional gieal taken anlhn@D lFlogEigerel81 The runner had a

cross-secti onal out Each as e inlet end
havi ng a cross- sec ona Q scgigm%gﬂéeweﬁtﬁ eﬁ‘rbﬁéa rérﬁ?%ﬁ SA%NGar

outl et end  hHystraging aﬂopﬂ;rswele:mth mfamlmbwzﬁfs&mecoﬂihg tbmpﬂaas@ﬁt each
.CEP was %7 As shown by CEP netal 93a in Figure 17, the two CEPS 93

were closely. aej g@ent and somewhat in parallel. For castings in which only

one of the CEPs %gmﬂMs&dplah%v@bhsrca@nﬁ; mau&édos&muﬁgft@ _tl_fﬁss r{jegaﬁtfselnt gg
e die 100

by the CEP 3a shown, i.n oken optline jn Figure 1
was equi ppegﬁquq?%t%épﬂj&'%gpggh?@q WQP'HIW)?'%“ ¥es piducediargly. Wil e several
castings were rrad%gumeﬂm :elati?tﬁﬂtloﬁm@EBﬁtf@rca*éhﬁ oPRUreOTE, béfére"%@ﬁmof:é’l”“d t hat

t he cooling m t 85 was inadequate for Optimumtool tenperature
control overfs%b?e%? ‘&'a%???n&”é?%l’%%o firigupt 1%et this, the machine injection

pressuramafx@ﬁm@fgxgmpwm normal setting of 90 I\/Pa to 50 MPa, and the
pl unger speed was seﬁ 575 ms average velocity with a peak at 25 0.96

‘m's. At the start* §Rlt ‘P@dﬂ’ﬁegl@ explarg thedreglisabilivfomstivedn albminum t ool
tenperature aNeg BductlNgsifd Mibtad iRl fsybleRe H"%c@br‘a hey '\M}ﬁ %Tpﬁr@é - The

second shot produced a cast alternatof casing exce quality.
After sone d'i“femt'ﬁ'[]i Vg $onfligied peipg iasnUs 185@tthl@ig§resﬁurretW-Gbﬁﬂnhemmere

carried out dakstify eHKineCatofe ol asi ngs
84 of excell ent"hgqualcl lty Theal?rg':%gwe \%e%re%aﬁé gn ﬁ?t éﬁasléﬁozb%gg%@g due
to ej ect'Pon FHYBPBIes Irapsmissioghcases WmaCé\%%téﬂlhrmnmmllohat Foa$mlsggs:x84 of
excel | ent quahktim use of
Coo CEPS 08 0 Prielte! fof B Serenianted A IdtBgbile cot Ao ARG Phey

vel ocity wadesn memeéi from toroduction §a$jmge,dtodnrm six different metal flow systems

according to the invention. By placing each of these runners, with its machined

flow systemn, 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 molien aluminium alloy into the die cavity by
achieving high speed afioy 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 fangential
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




.27 DEC 2004 27 use of one CEP, the CEP inlet flow velocity st( [ﬁ)‘éf ms,

and the outlet flow velocity was 85.7 nis. Thus, in each case, Bbw of
CA313 all oy through the or each CEP generated required alloy flow, and the
m crostructure of the castings 84 were of an optinmum form as detail ed
herein. That is, the 5 mcrostructure was characterised by fine, degenerate
primary particles |l ess than 40 pm such as about 10 wmor less in a matrix
of secondary phase. However, due to use 18f a col d- chanmber machi ne, sone

| ar ger dendriiding augoriventdrei tagd)8d wanyemial RINRSEBYstei t BiglilR8SE aR§iongrecar ri ed
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controlled j0 rei r as_a."CEP') 90 which has an
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‘runner afd a@epetatedtandhediegledwiindhasshowni innfFighteo$, ite altal 12 vidsowutf r om t he
CEP for filli A i > aVi t . ss-secti,onal ar of .the jnlet of
the cop i s cintpolmEed o BRI Dk o iyt 08 sdBHeN e PSR BEubT 1

t her et hr ough whi dheirsspectivs capsrimentd0 flowspatin thavbinetirinter €adhhedst kadfhdrl s, and
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i N ases i,n.l15 cross-sectiqnal, ar )

out | et there@ﬁﬁ]ég ﬁéﬁs% QHLGHRR: ?%ﬁ?'W’ Iepe[ﬂa % d@/e{‘\’@c@e\? d"Pnts dike runner
to undergo aastigstoahoi the Ueduathing, then bbcany & ael tyhrigh GRS iéd catibgiaough the
CEP wher,eby .1 he al um ni um al fl qwi through the CEP attains a viscous
or seni -1\% sé%@gmzﬁsgqne C@rieh Jﬂ-@gtr Bt 3‘\4\%3@’“{ Ha% BTC!"H%dtﬂé"'iaL flewveysiemt he
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ow vel ocity_therethraou i, om5Q.to % of the alloy flow velocity
through the %cfheﬁjeoi‘m[ ﬁéeg@ﬁ@ Z.Ea‘f'ﬁé’?fﬂp%\ﬁ"‘s Y ERINGT e slegioned fpdaden t he
Cross-sect i oedlcedr erasobettivbal Blel i®fhd e eyl angushadnidle higR WidQy is able
to attain a fl.0 \(Nel(%cit t her hr,ou&'h 25 which is in excess of 50°0m's. 3.

e flow sy i , i F i i iRE i nl et
The fl v 17 §aViindPWing Pdriely Hisssellingsi tanitie dbe dieotasting i ni
of the CBP insachirhwelaiotidhangéd Aum theRplRiucortbdiaéd) Bof &AMNE! AGhJer
t her et hrough of . from 80 to 120 nis. , _
velocity remained as set for production cast of transmission cases using the
-conventional tapered tangential runner. As a result, a higher v.eiocity (V) for
alloy entry to the die cavity was the product of the plunger velocity (Vp) and the
ratio of plunger cross-sectional area (Ap) to flow-path (i.e. new runner) cross-
25 sectional area (A,), as represented by:
V=V, _AL
Ar
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. |



.30 4. The flow systemof any one of clains 1 to 3, wherein thg DEC 200k
cross-sectional 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

al l oy. through the inlet of the CEP. 27 DEC 2004 29 5. The flow system of
any one of clains 1 to 4, wherein the cross-sectional. area of the outlet of
the CEP i.s such that the alloy flow velocity therethrough is in excess of
20 mMs. 5 6. The flow system of any offe of clains 1 to 4, wherein the

‘Cross-secti onaMeft&@apiatirbe outl et @hsiche CEP is such that the alloy flow
velocity theret rqu_gﬁ Is in excess of 25 ms. 7. The flow system of any one
of claims 1 to ¥MIHBEYAIN the crossCA8d8i onal 10 area of the outlet of the

CEP i s such thagplohevalheysditayw vel @%isﬁ,yglt?grsgﬁrm%gh is from40 to 95 m's..

8. The flow system of any one of clalns rein the outlet of the
CEP defines an inlet to the die cavRugneherebyOffbl{Hg ng of the die cavity is
by dirgct 15 injection. 9. The rowasiéai%em,of y, one of clains 1 to 6,
wherein at |east part of the length 0 he ' CEP“1%5"%ef i ned by a region of
the die cavity, whereby filling of tbil di e:cavitli@sikg. by direct injection.

F0r a0 il CEAIE S0 AR RE L B8 B, St B BBebina e
whi ch def meéd salidiedt indhe atewt huanaisi raygdd oo pdblt WOBY t91e0WiBS3 fk?,r -al l oy
Ot SO o 00 R  Srk Grdl ihdible o7 i e o v
assenbly defi new bbel daswsting nachinersednor &e trizsvab We 1@ERRduaish each CEP
?‘gpgg ¢ : C@%@a%b%icﬁgqgﬁ%ﬁél%%g%w rEa%lhun@waLJn%%r/bEPaﬁés.e p}a%eg ein ’Eheecgléd\i/negd froma
cores of the die in respective casting operations and held there by a liberal
amount of silicone sealant.
Respective trial castings in accordance with the present invention, using
16 each new runner/CEP, are illustrated schematically in Figures 4 to 9. In each
case, the shape of the respective new runner/CEP is shown and designated as
" R. However, for ease of flustration, 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 casfing. 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.




.12. The flow system of claim 11, wherein each runner and the reﬁg@t%mg CEP
provides for alloy flowto a respective one of at |east two di Itires
defined by the die or nmoul d assenbly: 27 DEC 2004 30 13. The fl ow system
of claim11l or claim 12, wherein each runner is a first runner for the
respective CEP, and wherein the flow system further includes at |east two
second runners each of which defines a respective secti‘on of the alloy flow
path between the outlet of a respecti v&20CEP and a respective die cavity. 5

i ch ol 1 oy 1 o o esBEvwBRE pRereferLflE shohhelS ualiNe she) RErINE  af g
tur bul ence rcantalepdrogity dfe iallthelytmcd&meme E@indmf@te‘rﬂocéﬂwsgd)rdhe paﬁlt?lar of any
one of cl ai K CEP has ar.m r oW ng
Chrough t heooepeafes o aR bEtLsefrepra ey e sthad gort
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the die gav Tefow stem n_the as a
form V\hegebysééﬁ?tfqﬁl %l?f“fe]dh OgR)R iﬁ?'ﬂfagﬁl Roﬂ?ﬁycafheotﬁ'\l\gf’f §'|9| B¢ R¥Mehe die
cavity to apteiuntien rdactiogd rmiadel betidem sluasegsl tvanbx%@ﬁﬁiﬁowaggmhggt@ég{ sed b%/
fine degenerate d r articles | ess than mina matrix o
seconda?y pliadine gr‘f”g tbSﬁ?ﬁ‘? %a%icgﬁ’f"ﬁf Ot?%“%ﬁrﬁcﬂ?eﬂ'ﬁ'@@#rH?tHretsh‘@f‘ﬂtﬁﬁf the
alloy in thexlﬁﬁ%emala:)elsﬂzhggsect ions is 20 characterised by striations or
bands ext endi ng sver with respect to alloy flow through the CEP.
17. The flow sys{%&?ﬁ %fsp?)%ﬁ'%oegrer‘(ﬁ imgastings made dudneihe Vﬁg“@?sﬁ em

i ncl udegoat cOBBBRtIEMBT é&ﬁnd\fsﬁﬁhk@béméafééwnttné Mr%@ﬁs&%ﬁn@a‘ﬁﬁ:b@ to a 25
common die cavity: 18. The flow system of any one of clainms 1t

_wherein t heC¥PEEBINiGRsiingRwhste ﬂ‘@a@qssﬁﬁ\@r thkpugh almesh fhimrtCﬁV@Ugh each

'CEP passi Ngsédiod, rnetﬁp,e@ésevmdzoemmﬁdk%ssé@wé% feEhtﬁrJd Vi XY SR ¢l aim 17
or claim18, wher ei n aIIo&B ow to each CEP is throug aco n runner. 2
g

7 Dt C 2008f 8P mmghick pibereyuwas d&ﬁ*gﬁécwcwﬁﬁ@nced?etm@ ithe &wpst phg
al um ni um apbR¥inK &g iA tﬁéIet,sa%Hﬁ& éﬁébidaac{@{i@éé%ﬁgs"ﬂﬁﬁ Shiatll€ ifreghi ne

i ncludes_a netal” flow system
number and location. ‘

X-ray inspection of 57 locations around each casting showed that the
porosity tended to iocalise at the cenire of the bosses and in the thicker
sections between bosses where shrinkage was most likely to occur. The
porasity 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. Larget pores, 4 to 5 mm
diameter, were sometimeé, 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
praduction c:astings- 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 productlon castings.

Expenence with current systems wouid Iead 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 llustrated by




.provided by a conponent of a die or nould assenbly for the rr?chl ne,ﬁv& he die
or noul d: assenbly defines a die cavity and the conponent de P4 | east
part of 5 an alloy flow path for the flow of alumniumalloy froma
pressurised source of substantially nolten alum niumalloy of the machine
to the die cavity, the flow path includes at |east one runner and a
control I ed expansion port (herein referred to as a "CEP") which has an

inl et through which the CEP is able to 4kceive aluminiumalloy fromthe

runner and @yl laeto b MHQEARWAI AR MeUdiinSRid? cééé Qéfulij Sbeatlﬁlaﬂetvﬂ !aOW from

the CEP for filling the die cavity, the cross-sectional area of e I nl et
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t he outl et cr ti qnal the alloy flow
vel ocity thggrpee%r%r oﬁ Jé%{’ n{%g(?p%ﬁgg?)gp o(?etcﬁ'(‘é' %ﬁr(?? goéd]ath%gmrggrt hr ough
the inlet obysthm REWF@ﬂeﬂ:s sTmmrpoeismwferngmsw regcesmﬁﬂsutrmamﬁelglmam)ZO
A N L T K R
wher ei n10he R25f Figahs Behdssa ainglal mmam@) 4aHeCERS)| Athdmgelthéehaansl i he

Cacting machEREeBrreaEAdNGincg - AhRs ORABAG 10 THEnAEReS 1 & o

hot - chanber die "c‘laébrragg@mérhtldf&he altthel BPstBER DiFiGRE 759 lnfilRr it thild okn out put
ressure through said nozzle.
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24. A proce U p- 3?‘6’&‘?}}) rfé ?ﬁ%aéctwszﬁ{agﬁ%ﬁmﬁm@'ﬁwly sherhgnd

pressure cast lgng]mméma@rk@w e RaBl PSSHHTNSE R (?Oi'éré‘rﬁn@d Sk At fyidh | Y
ie or nmould assenbly

nol t en Jsum niu _Eh %04 - alloy and a
defi ni ng a eiaé” Ve SW%’F‘ E'We&'ﬁéé'@éarlt%ﬂ]ﬂﬁ&fag'%@ exeaps thett itddusi ng

_the alloy teff? wfd@ﬂbfeh@nawéﬁﬁemaeaﬁdﬁqa@ & S hivd RlrPRtENst Abliyf | ow
pat h defi neggg F(_g\ conponent of the die or m)ul d assenbly; causing the

alloy, ini & dnlps AR dTangeapst similar dofthatlvot higsitry 4. £xeepintet and

channei 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 sectfon' 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
asymmetncal so as to have a relatively larger dimens;on axially of the die cavity
for castmg 40. .
The experiment iliustrated 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
3¢ 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 mefal flow sysiem with consequent savings in remeit cost and
improved quality.




.5 through an |nI et end of a controlled expansion port (hereln referred to
as 'a "CEP"); and causing the alloy, inits flow through the CHHE & 20ah
outlet end of the CEP, to decrease in .flow velocity, whereby the alloy is. .
caused to attain a sufficient flow vel ocity 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 10 attains a viscous or semn -viscous state
and retains that state in filling the #e cavity, wherein the alloy attains

or e than 20w AOLRHSRER AT FRARS ey shBusRoRR Mhaublntle, 2] "t

from 50 to &Ry 40hmmi|el wging IO#\ﬁmea[manyntdﬂpputhﬁmmnml Beshilfa thold CEP. 15

25. The process of claim he ,al |l oy att I city
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of the flow peipeyidrRlial e titdt Mand bf 98gmimheivirny &tpreibetebarédRdf 526 28. The
process of any one of clains 24 to 27, whetein the alloy flow velocity

t hrought he ®EP outlet is in excess of 20 m's. 29. The process of any one of

claims 24 to 27,Th\éh§irees® usB8 fat asting! WW@A aés[guecB@o talndswua@ dgienGP out | et
is in excess of 25 ms. 30.  The process of one of clains 24 to 27,
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vvherelnthe alToy flows '"fromthe outlet of directly into the die
{cavity. 32.i1sTaen jerpperdurgicoaly!, yil BainduaneisRe Axiepding, t%'éhéﬁ%ofaﬁhﬂ east

part of t hefeéduh&’\&ﬂé?negf ThE | %E%sbﬁmgeafré’me by & V&P Th %Bsﬁl&? #hide icavi ty.

33. The process of any one of clalns 24 0, wherein the runner is a
first runneeguised apetessnbd e graaly Midiy carorhe Hisedutq dsolale ERIBCEMP to the
di e cavi ty ; régg l,flgh 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
processtof any dweisosviderdifresn Fipure 180 casitngr €0 Wwashiroaugasl using @Hdb‘@@ to flow
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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 mm2. | 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
1 4 6 _ 12.6 28.3
II 5 7 1906 38.5

I 7 - 9 28.5 63.6




.38. The process of any one of clainms 24 to 37, wherein the koye f | 2 ng
through the CEP attains a sem-solid state in which it possesses

t hi xotropic 30 properties and said sem-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 mcrostructure in
a resultant casting characterised by fine degenerate dendrite prinary
particles less than 40 pmin a 27 D BEb£ 2004 34 matrix of secondary
phase, and ||d|f|caE<| on of fhe allog back into the CEP; such that the
alloy in th pieneXlk Fross-$eeianghareasof CERwassthsiantialy rgembapr bands
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b 5l ot Cobewh). “ri& Complmentary die parts abfine & metal flow systrs according to- —
the pres_ent 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 nozzie (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/rtunner 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 thls 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.
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The runner system 74 includes a maih. transverse runner 80 which
extends across the inner end of, and fo.rrns a T-shape with, sprue channet 72.
At each end, runner 80 has a respective end portion 80a, with portions 80a
diverging from each other towards outer face 60a of die part 60. A respective
5  one of gjector pin holes 78 communicates with each portion 80a of runner 80.
System 74 also inciudes a secondary runner 82 which, at one end, extends
from one of the portions 80a of main runner 80 to CEP 76, from a location
intermediate the ends of portion 80a.
While the form of the part of seat 66 in die part 60 is semi-circular in
10 cross-sections parallel to face 60a of die part 60, sprue channel 72, CEP 7b and
runners 80 and 82 have cross-sections which are of substantially bi-aterally
symmetrical trapezoidal form, although other geometries can be used. Sprue
72 and main runner 80 each have a cross-sectional area of about 66 mm?,
while runner 82 has a cross-sectional area of about 14.4 mm?® CEP 76, in a
15 firét 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 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 anh acute angle. However
20 the overall effect is that the cross-sectional area of CEP 78 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 caéting 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.




Id "109%& ()- 1r%"10%& ()- 'y "10%& ()- ,GA?bCl\HO- 10%& (
109%& ()-& 10%& ()- 1i!"10%& ()-*1di!"100& ()-*& =1\Hi
§%10% 1 & ()-)! $Y(10%wiwt& ()- 10 10 107 109%& () - F5
100& ()-f3"10% ()-9%.8"< =1\ H di | S¥10%& ()- ! dI @H10%& ()-y! 10%& ()- !
"109%& ()-) 10%& ()- f 100& ()- 8zewUs =!, %p#10%& ()-! Ul #SH#10%& ()-!U
SHO% ()-yl NH SH10%& ()~ 1\I S#10%& ()- 48| SHONE ()-2 } < =11CY

& -1 "109& -P 1M 109K -PId,,"10%& - *P+7109%&' -&'1 ' -*
ietel) 11 oy <1 TNRISGEE (5 T Hagetsbl digesrgroranangen devedirsctiap for
10% o& () - . 1@kl allchOf&ssing from#PeS ERHAMCE to runner 80, into part 80a of

runner 80 and from the latter info runner 82. It also is increased by the

R6P510% R&' ()- H110% R& ()-  o(wWU3bC! \ HO" 10%& () - ! dO" 10()/&'@6[{)9?0%9?{ 0-

~presence of alloy passing into the blind end of part 80a, beyond the inlet end of
5 runner 82. Despite these matters, the indicated flow velocities, and the angle at
which CEP 76 directs the alloy into die cavity 68, good quality castings are able
1o be produced, whether at the higher or lower temperature conditions detailed
earlier herein. ' ' '
Figure 16 is a schematic representation of an experimental casting
10  exercise, aimed at testing the distance aluminium alloy is able to travel during
C ' casting in accordance with the present invention, without freezing up. As shown
in Figure 16; there was created a metal flow system S consisting of a channel C
providing a metal flow path ending in a standard tensile bar impression B, The
channel C had a ﬁominal cross-section of 4x4 mm and a fength of 1230 mm.
15 Casting trials were carried out with the system S of Figure 16, on a 250
tonne cold chamber die casting machine. The trials were conducted under
" normal machine operating conditions for the machine, normal die femperatures
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
tength of the channel C was achieved, enabling filing 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
aiterna'tor 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 latier case, the two CEP were closely
adjacent, and received alloy from a common runner. The runner/CEP
arrangements are detailed mote 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 fransverse 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 89¢ within wall 88 around the
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109RRE () - ! gm@ryt cﬁamé)%qnare(qated from the runner/CEP metal shown in Flgure
10 17, in combination with the sectional detail of Figure 18, The runner had a

cross-sectional area of about 18 mm?. Each CEP 93 had a square inlet end
having a cross-sectional area of 17.6 mm? and an elongate rectangular outlet
end having a cross-sectional area of 22.5 mm?. The length of each CEP was
. 27 mm. ' .
15 ~ As shown by GEP metal 93a in Figure 17, the two CEPs 93 were closely
adjacent and somewhat in parailel. For castings in which only one of the CEPs
93 was used, the other one was blocked off, as represented by the CEP metal
93a shown in broken outime in Figure 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. Thefirst 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 excelient quality. The
trials were aborted after some 30 shots, due to ejecﬁon 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 nvs and the outlet velocity was 42.8 m/s. With trials based on
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! 10%14&' ()= use of one CEP, the CEP inlet flow velocity was 109.6 m/s, and the outlet flow
. velocity' was 85.7 m/s. Thus, in each case, the flow of CA313 alloy through the
or each CEP generated required alloy flow, and the microstructure of the
- castings 84 were of an optimum form as detailed herein. That is, the
5  microstructure was characterised by fine, degenerate primary particles less than
40 pm, such as about 10 pm or less in a matrix of secondary phase. However,
- due tor use of a cold-chamber machine, some larger dendrites up to about
100 pm wereipresent, with these being carried through from the shot sleeve of
the die casting machine. .

10 Finally, it is to be understood that various alterations, modifications
and/or additions may be introduced into the constructions and arrangements of
parts previously described without departing from the spirit or ambit of the
invention.
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1 GP43" 10%3 & é)dlé QJP %fo%lo( gsggnﬁmf‘?’ r]tRe( 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 substantlally molten
aluminium alloy of the machine to the die ca\}ity, the_ﬂow path includes at least
one runner and a controlled expansion pdrt (herein referred to as a "CEP")
10  which has an inlet through which the CEP is able to receive aiuirninium 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-sectional area of the inlet of the CEP
is such that the 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
15  cross-sectional area from the inlet to the outlet thereof to cause substantially-
motten alloy received into the runner to undergé a substantial reduction in flow
velocity in its flow through the CEP whereby the aluminium alioy ﬂowmg through
the CEP attains a viscous or semi-viscous state wh:ch is retalned in fi [lmg the
die cavity, the outlet of the CEP havmg a cross-sectional area such that the'
- 20 alloy flow velocity therethrough is from 50 to 80% of the alloy flow velocﬂy
' through the inlet of the CEP. | o

2. The flow system of claim 1, wherein the crossisectional area of thé _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-sectlonal area of the lnlet
of the CEP is such that the alloy is able to attain a flow velocny 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 velocuy therethrough is
from 6510 75% of the fiow velocity of the alloy through the inlet of the CEP.
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PHEL 109 () 9 Hr trhelfpo@ E&t@n 3f any o %gbf(c)aims 1 to 4, wherein the cross-sectional
area of the outlet of the CEP is such that the alloy flow velocity therethrough is
in excess of 20 m/s.

5 6. 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 allby fiow velogcity therethrough is
in excess of 25 my/s.

7. The flow system of any one of claims 1 to 4, wherein the cross-sectional
10  area of the outlet of the CEP is such that the alloy flow velocity therethrough is
from 40 to 95 ms. |

8. The flow system of any one of claims 1 to 7, wherein the outlet of the
~ "CEP defines an infet to the die cavity whereby filling of the die cavity is by direct
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 defi ned by a region of the die cavity, whereby filling of the
die cavity is by direct injection.
20 o ,
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 alloy flow path which' provides for alioy flow from the
outlet of the CEP to the die cavity. ' | '
o5 B
' 11.  The flow system of any d_ne 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
froma respectlve runiner.
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. | |
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10 15. The flow system of any one of claims 1 to 14, wherein the CEP has a
form whereby alloy flowing through the CEP attains a semi-solid state in which it
possesses thlxotropic propertles and said semi-solid states is retained in filling
the die cavity. - '

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 dégene.raté‘ dendrite primary
particles less than 40 pm in a matrix of secondary phase, ahdsolidiﬁca_t_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 186, whereln the system
mcludes at least two CEPs with alloy flow through each CEP passmg to a
25 common die cavity.

18. The flow system of any one of. claims 1 to 16, wherein the sys_tem
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.
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area of the inlet of the CEP is such that the 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 molten alloy received into the runner to undergo a
15 substantiai reductior 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, the outiet of the CEP 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 claim 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 nozzie and means for supplying alioy 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
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Hv#lO%:&F& Qlﬁ" clen¥ ﬁow%oc:ty ;t 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 -
10 attains a viscous or semi-viscous state and retains that state in filling the die
' cavity, wherein the alloy attains a flow velocity through the CEP inlet which is in
- excess of 40 .nils and not more thén 120 m/s and the alloy flow velocity through
the CEP outlet is from 50 to 80% of the alloy ﬂow velocity through the inlet of
the CEP.
15
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 clalm 24, whereln the alloy attalns a ﬂow velocity through
20 . the CEP inlet of from 80 to 120 ms.

27. The process of any one of claims 24 to 26, wherein the'élloy fiow velocity
through the CEP outlet is from 65 to 75% of the ﬂow veloclty 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 veloctty
through the CEP outlet is in excess of 20 mls
29. The process of any one of cla:ms 2410 27, wherem the alloy flow velocny
30 through the CEP outlet is in excess of 25 m/s.

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 mis. |
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34. The process of any one of claims 24 to 30, wherein the alloy is caused to
flow through at least two CEPs, and ‘each CEP has an inlet through wh_ich
aluminium alloy is received from a respective runner.
15 | | | | |
35.' The process of claim 34, wherein each runner and the'respective CE.P
- . provides alloy flow to a respectlve 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 réspective CEP, and wherein the flow system further includes at least .

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

256 37. The process of any one of claims 24 to 36, wherein turbuience 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
7 through the CEP attains a semi-solid state in which it possesses thixotropic
g 30‘ pro.pertiés 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 resulfant,casting
characterised by fine degenerate dendrite primary particles less than 40 pmin a
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‘ . o | 34 . .
' matrix of secondary phase, and solidification of the alloy. bac_k into the CEP,
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.

+



