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I nvention [0009] The present invention relates to sem-solid nolding (SSM
of netal welBoys7and the equi pment and methods used for S®iT/Emezi3whi ch are
disclosed in nmany U S. and foreign patents, for exanple, in U S Patents
No. 3,954,455, No. 4,434,837, No. 5,161,601 and No. 6,165,411, SSMis also
di scussed in technical publications, for exanple, in a book entitled
Sci ence and Technol ogy of Semi-Solid Metal Processing, published by, North
Anerican Die Casting Association in October],c 2g01. Chap{er 4 OI'thISI

ubl i cation was authored by -inventor of the present invention. In
(F:)onvent i onal SSM processes Sﬂﬂ' gg"—”ﬁé‘é@é@éﬁ@ MET, either a specially
treated, pre-cast billet of appropriate mcrostructure or a slurry

especially prepared fromnolten,alloy,ip,equi pnent external to a die
casting press. The cost premmmlﬂ@ther the pre cast
speci al |y {0@R#]led bi Mhetpresent mnmt:oheela&@dsbmHs@{i@hfbldﬂﬁ@@éBSW@fM@talO; e;ge
i e p
have " soverp[s el B aatipfhend aAMAREOE uSE Rou 2t Wirich Sefiplobdeloe
Al so, the Ipranydds. andifereign patents,for exampla in Ue$al?ateetg/NbeW9§du45£gs is
f ro
Feused nl bos tapr 837322””"3?&”?%""‘” NQYB: 16081 Py 0553 iSelePioisdlRRU T, e
sone |nporfe£i19952 CHIANSHEE ExamP '@ﬁmmltgﬂlwmmgw onal
di e casti ngk SetnieSalik Matar Pmadﬁsﬁg,ﬁjtﬁ)hsﬁéecbgﬁ%rwﬁAgﬁaéﬁtﬁgﬂ g%gzg@ﬁﬁﬁl can be
0 e
PéﬁSE?S?uf’é@?{%@?&%ﬁH PslhER, 200 EhBbleta sblsintiSafonspauliveciags £ om
premni um al p@y@veniﬂrdo H’@e/pmsnntdevetmorabllre cbngdmtiomafblssmf predgseasg! h %nd
e ecause
of the thi HoTTars o/ ed GifRP 4 RoolicfyCiro s, BHE-CRRF nitdI R PRPlsiriane ey
that relat W@P?gw@é%@g atﬂvWﬁS@ﬁp@llmnﬁepar@g forpunoltenalioy isequigndings, t he
SSM pr ocessterﬁalqal@a&leecaéhngfp?éé@' THe G5t pfé?ﬁrh&shé’é@d&%téamhsﬁﬁiér‘?ﬁé great

ent r apped B Gt epcanly FRRIeaTG et i be Swashio aogih neTeng e di o
casting pralueysmec&lulmepar@d infeguipnient éxternz0 0Bk di B%a@!’ ﬁ?ﬁf@ss‘ RY@St | ﬁn is
directed tQegsRRMimidf Q{é)g&"ﬁfr}«?ﬁl&lggﬁ}f)?f%éxgbg of the SE prgcae%seg A?du?ﬁg the
costs of pro u0| ng_ par
pre-cast blllet is avallable from a relatively few sources, is currently made only
from primary alloys, and process offal cannot be reused unless reprocessed
back into a billet.
[0002] Still, SSM provides some important and highly desirable
characteristics. Unlike conventional die castings, die cast parts which are
produced using SSM processes can be produced substantially free of porosity,
they are able to undergo high temperature thermal processing without blistering,
they can be made from premium alloys, and they provide reliable high levels of
strength and ductility when made using appropriate alloys and heat treatments.
Because of the thixotropic nature of semi-solid slurry and the non-turbulent way
that relatively viscous thixotropic slurries flow in die casting dies, the SSM
process is capable of producing cast parts having thin sections, great detail and
complexity and close dimensional tolerances, without the entrapped porosity and
oxides which are commonplace in conventional die casting processes.

* Summary of the Invention
[0003] The present invention is directed to a new SSM process or method
which significantly reduces the costs of producing parts by the SSM process.
The method of the invention is ideally suited for producing parts having thin
sections, fine detail and complexity and close dimensional tolerances, and which




The met hod of the invention is ideally suited for producing parts having
thin sections, fine detail and conplexity and cl ose di nensi onal

t ol er ancew oanactorhi ch WO 03/ 064075 PCT/ US02/ 37543 2 are Pahgtsansisaily free
of porosity and oxides, can be processed at elevated tenperatures w thout
blistering and which can provide high and reliable |levels of strength and
ductility. The nethod of the invention avoids any need to produce a
specially treated, pre-cast billet tha2 nust be sawed to |l ength before
using or a slurry especially prepared fromnmolten alloy in equipnent
external to the die casting press. The nethod of the invention is also
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a first sho
casting machine or press. The shot chamber receives a vertically movable shot

piston which forms the bottom of the shot chamber, and the diameter of the shot
chamber is greater than its depth or axial length. In a preferred embodiment of
the present invention, the shot chamber is greater than its depth by a ration of
2:1 or more. The shot chamber is then indexed from the initial filling position to
a slurry injection position under a die. The molten alloy is permitted to cool
within the shot chamber to a predetermined temperature range in which it forms
a semi-solid slurry having 40 to 60 percent solid, the solid fraction having a
globular, generally non-dendritic microstructure. The portion of the slurry
immediately adjacent to the wall of the shot chamber or shot sleeve and the shot
piston become significantly colder and more solid.

[0005] When the semi-solid slurry within the central portion of a first shot
chamber, now in the slurry injection position under the die, has cooled to the
predetermined temperature range in which it has 40 to 60 percent solid, the
shot piston is moved upwardly by a mechanical actuator or a hydraulic shot
cylinder to transfer or inject the semi-solid slurry within the central portion of the
shot chamber through one or more gate or sprue openings and into one or more
cavities in the die above the shot chamber. The more solid portion of the slurry



chanmber, now in the slurry injection position under the die, has cooled to
the predeterm ned tenperature range in which it has 40 to 60 percent

solid, thwooshet7pi ston is noved upwardly by a nechani cal pagtusat/as4dr a
hydraulic shot cylinder to transfer or inject the sem-solid slurry within
the central portion of the shot chanber through one or nore gate or sprue
openings and into one or nore cavities in the die above the shot chanber.
The nore solid portion of the slurry W3 03/ 064075 PCT/ US02/ 37543 3
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injection and slurry solidification is accomplished just as with the first shot
chamber. The process is repeated over and over again.

[0007] Other features and advantages of the invention will be apparent
from the following description, the accompanying drawings and the appended
claims.

Brief Description of the Drawings
[0008] FIG. 1 is a vertical section through a vertical die casting press
which is used to perform the method of the invention and with the die set shown
in its open position;
[0009] FIG. 2 is an enlarged fragmentary section of the semi-solid slurry
transfer or injection position or station shown in FIG. 1 and with the die set
shown in its closed position; and
[0010] FIG. 3 is a diagrammatic illustration of the metal temperature
profile of the semi-solid slurry before a center portion of the slurry is transferred
or injected into the die cavities shown in FIG. 2.




in its open position; [0009] FIG 2 is an enlarged fragnentary section of
the sem-solid slurry transfer or injection position or station shown in
FIG 1 amowsibuorhe die set shown in its closed positionpcarnod/86i0] FI G
3is adiagrammatic illustration of the nmetal tenperature profile of the
sem -solid slurry before a center portion of the slurry is transferred or
injected into the die cavities shown in FIG 2. WO 03/064075 PCT/ US02/ 37543
4 Description of the Preferred Enbodi me#it [0011] Referring to FIG 1, a
vertical die cast machine or press 10 is constructed simlar to the press
disclosed in U S. Patent No. 5,660,223 which issued to the assignee of the
present invention and thBescepliorsaf thedPrefgrred Ensbodimeont por at ed by
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Caviti oo 535 EURSsed BN 2 Gl BATINdR B eF WSt 12bls 48 and dsfines 2 pair of
cavities 50 which cooperate with the core members 43 to define the
corresponding metal parts P produced in accordance with the method of the
invention. The transfer or indexing table 48 is mounted on a shaft 52 (FIG. 1)
supported by a set of beafings 53 retained within the frame member 54. The
table 48 carries a plurality of at least two lower mold sections 45 and is rotated
or indexed by a pinion (not shown) engaging periphery teeth 56 on the table 48
and driven by a stepping motor (not shown). A gate plate 60 is positioned under
the bottom mold section 45 and defines a pair of slightly tapered gates or sprue
openings 62, one for each of the cavities 50. The gate plate 60 also defines an
annular metal entrapment recess or groove 63. It is to be understood that the
parts P to be die cast within the corresponding mold sections 40 and 45 are
shown for illustration only and that the configuration or size of the parts form no
part of the present invention. The parts P may be any size or shape,
corresponding to the desired die cast article.
[0013] A cylindrical vertical column or post 66 is secured to a plate 67
mounted on the base plate 18 and projects upwardly to support a rotatable
circular table 68 by a set of anti-friction bearings 69 mounted on a top hub of the
post 66. The table 68 supports a plurality or a pair of diametrically opposite
cylindrical shot sleeves 70 which have parallel vertical axes. The table 68 is
also supported by a set of thrust bearings 72 mounted on the cross bars or




annul ar netal entrapment recess or groove 63. It is to be understood that
the parts Pto be die cast wwthin the corresponding nold sections 40 and
45 are swown/oéorsillustration only and that the confi gur ®Cirarsons75s3 ze of
the parts formno part of the present invention. The parts P may be any
size or shape, <corresponding to the desired die cast article. [0013] A
cylindrical vertical colum or post 66 is secured to a plate 67 nounted on
the base plate 18 and projects upwardl y9to support a rotatable circular
table 68 by a set of anti-friction bearings 69 nounted on a top hub of the

post 66. The table 68 supports a plurality or a pair, of dianetrically
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metal resi RRSSAPPS & F1@. RhPY ndnieheegling flyidamneter ducapdatashirengh the
proj ecti ng Peéredbritbpisfirisess fob¥oblitfy Bt foReE Rict@iarkRo FOPR AThetal iRl
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al i gnment fhyotinet date mpening's e hydraul i c cl amping cylinder 30. The shot
cyl i nder 95 udes ' ' ' roj ly,
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Anot her doulate S&eecurgdiy thebaseplgiedBiupdettfie metal transfer stationsiZand il | y
smal | er t haprida dhghhidfefrom the axis of the hydraulic clamping cylinder 30. The shot
cylinder 95 includes a piston and piston rod 98 which projects upwardly, and a
guide plate 99 is secured to the upper end of the piston rod 98. Another double
acting hydraulic ejection cylinder 110 is substantially smaller than the cylinder
95 and is mounted on the plate 67 by a spacer block 112. The cylinder 110
includes a piston and piston rod 114 and a guide plate 116 is secured to the
upper end of the piston rod 114. A guide rod 118 projects downwardly from the
plate 116 and through a guide block 121 mounted on the cylinder 110 to prevent
rotation of the plate 116 and piston rod 114. The cylinder 110 is located in
vertical axial alignment with each shot sleeve 70 when the sleeve is located at
the metal receiving or pouring station 80.
[0016] A pair of opposing retaining or coupling plates 126 are secured to
the upper surface of each of the guide plates 99 and 116. Each set of coupling
plates defines inner and outer opposing undercut slots for slidably receiving an
outwardly projecting circular flange 128 formed on the bottom of each shot
piston rod 94. Thus when the table 68 and shot sleeves 70 are indexed in steps
of 180°, the shot piston rods 94 are alternately connected or coupled to the

piston rods 98 and 114.



95 and is nmounted on the plate 67 by a spacer block 112. The cylinder 110
I ncl udes a piston and piston rod 114 and a guide plate 116 is secured to
the uppewosdewsthe piston rod 114. A guide rod 118 projpeatisoziansmwar dl y
fromthe plate 116 and through a guide block 121 nounted on the cylinder
110 to prevent rotation of the plate 116 and piston rod 114. The cyli nder
110 is located in vertical axial alignné%t with each shot sleeve 70 when
the sleeve is |located at the netal receiving or pouring station 80. [0016]
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period occur %iioglr Ii]Se aﬂDWES% cool in the shot chamber 86 to a temperature range that
produces a semi-solid slurry having a range of 40% to 60% solid, such as
approximately 50% solid and a globular generally non-dendritic microstructure.
For example, the A356 aluminum alloy is allowed to cool to a temperature range
between 570°C and 590°C for a period of fifteen seconds or more from the time
it entered that temperature range to the shot or injection time. When the alloy
has cooled to this temperature within the shot chamber 86 at the transfer station
82, the temperature profile of the alloy is close to that shown in FIG. 3 wherein
a center portion A of the alloy has a substantially uniform temperature, and the
peripheral portion of the alloy adjacent the shot sleeve 70 is significantly cooler
due to the cooling effect of the shot sleeve.
[0019] With the mold sections 40 and 45 in their closed position (FIG. 2)
by actuation of the cylinder 30, the injection or shot cylinder 95 is actuated to
move the shot piston 88 upwardly. This transfers the semi-solid slurry S1 within
the center portion A (FIG. 3) of the alloy upwardly through the gate or sprue
openings 62 and into the corresponding die cavities 50 to form the parts P which
have the desired globular, generally non-dendritic microstructure. The more
solidified outer portion of the slurry S2 within the shot chamber adjacent the



alloy is allowed to cool in the shot chanber 86 to a tenperature range that
produces a sem -solid slurry having a range of 40%to 60% solid, such as
appr oxi mewelog/0609% sol i d and a gl obul ar general | y non- dendPCritws02/37543

m crostructure. For exanple, the A356 aluminumalloy is allowed to cool to
a tenperature range between 570C and 590C for a period of fifteen seconds
or nore fromthe time it entered that tenperature range to the shot or
injection time. Wien the alloy has codled to this tenperature within the
shot chanber 86 at the transfer station 82, the tenperature profile of the
alloy is close to that showmm in FIG 3 wherein a center portion A of the
al 1 oy has aleswpstCistdaptungduer trapnad enperannuar, regass pRe&ndjaeVeRedAroBor t i on
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to eject o e part's wth the pins 39. The
[0021] From the drawings and the above description, it is apparent that

a method of semi-solid molding of parts with a vertical die casting press in
accordance with the present invention, provides desirable features and
advantages. For example, the method of the invention provides for producing
die cast parts free of porosity and which may be heat treated to provide a
reliable high level of strength and ductility. As a result, the parts may have thin
wall sections and be lighter in weight and/or may be complex die cast parts
having close tolerances. The method also extends the service life of the die
sections since the die sections receive less sensible heat because the injected
slurry is at a lower temperature than fully molten metal and with less heat of
fusion since the slurry is already approximately 50 percent solid when injected.
Also, since the die is required to absorb much less heat in the process, the
overall cycle time may be decreased to obtain more efficient production of parts.
[0022] The semi-solid molding method of the invention also eliminates the
preparation of special billets or special slurries and the substantial cost of the
preparation equipment, and enables the reuse of process offal and scrap. That
is, by using conventional foundry ingots or ingots of pure metal, which may be
grain refined, the method of the invention significantly lowers the cost of input



table 48 is then indexed to transfer the parts P to a part renoval station
where the parts are |ifted and renoved, for exanple, by a robot (not
shown). TWe 03abwoe net hod steps for seni-solid nolding ar @Crhsn2/smspeat ed
for successively nolding another set of parts. [0021] Fromthe draw ngs
and the above description, it is apparent that a nethod of sem-solid

nol ding of parts with a vertical die casting press in accordance with the
present invention, provides desirable f@atures and advantages. For
exanple, the nethod of the invention provides for producing die cast parts
free of porosity and which may be heat treated to provide a reliable high
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sl eeve and L{)l ston are pref y ovelr ¢
8 and 68, vertical die cast presses with other forms of transfer means may be
used, for example, a reciprocating shuttle table for the bottom die section or a
tilting mechanism for a single shot sieeve.

[0024] What is claimed is:



substantially nore, for exanple, 24" in order to die cast a |large dianeter
SSM part such as a notor vehicle wheel or frane nenber. [0023] Wile the
nmet hod areofodeaoed appar at us herein descri bed constitute®caysopsmns ed
enbodi ment of the invention, it is to be understood that the invention is
not limted to the precise nethod and form of apparatus described, and

t hat changes may be nade therein w thout departing, fromthe scope and
spirit of the invention as defined in t%e appended cl ai ns. For exanpl e,
while the vertical die cast press 10 incorporates rotary indexing tables
48 and 68, vertical .di ast pr.esses.w th other rns, of transfer neans may
b “used. " flor - efumtBod of FEpaiiEs Mgl SPeRuaneladingrs Sitnir 3 Bertaivar o
section or defined| iy aglisesdtanoamtetioon @ senighe dighoastspemseincLdl®tla Shett 1 s
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metal , di r &QIeRHTERR Wihin die fRetthamker Ptin & temraraire ranet forginge
nol ten net i%!e(rers;dﬂd%Mthh_éhiﬁg &@lébbl%lrraﬁﬂ gﬁéfelﬂally ﬁor}i-{d@ﬁdﬁﬁé (Hjﬂ@rgéﬁtﬂél@ré,or m ng
a sem-solid.slurr aving a r a ener a .hon-dendritic
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and al | ow I: L. . . Ghi Lthih the die cavity to
formthe n%%aﬁ%a?@mlwwlﬂé?%gggg%v'ggpﬁﬁ}erh%én%cﬁ\%liér%r{l]' and including the

step of adding a grain refiner to the metal directed into the shot
chanmber. 32 A MY hethaasAkfingd in Biaithd hd inMIRIiIRY thd BRpBH dRhgBIghkIn S 2
per manent |y ggratb refi nga al I8y. 4 A rrft hod as defined in claiml

i ncl udi ng tREE: BEeafﬂetﬁ iectgdantodha ohQt chaRbPRpent recess above the shot
chanber, and trapping an outer portion of the sem-solid slurry within the
shot chanbey w thi F: . I r [ ement
of the shots-pi satetistasdenRBTR et Fide inelraRe Rew & LB en
met al is c@raigdefinedialloyt he shot chanber to a tenperature range which
produces a range of 40%to 60%solid to formthe sem-solid slurry.

4. A method as defined in claim 1 including the steps of forming an annular
entrapment recess above the shot chamber, and trapping an outer portion of the
semi-solid slurry within the shot chamber within the entrapment recess in
response to upward movement of the shot piston.

5. A method as defined in claim 1 wherein the molten metal is cooled within
the shot chamber to a temperature range which produces a range of 40% to
60% solid to form the semi-solid slurry.

6. A method as defined in claim 1 wherein the molten metal is A356
aluminum alloy and is cooled within the shot chamber to a temperature within
the range of 570°C to 580°C to form the semi-solid slurry.

7. A method as defined in claim 1 and including the step of directing the
molten metal into a second shot chamber receiving a second shot piston,
interchanging the second shot chamber and piston with the first shot chamber
and piston after the semi-solid siurry is transferred from the first shot chamber
into the die cavity, and cooling the molten metal within the second shot chamber
to within the temperature range forming the semi-solid slurry.



6. A method as defined in claiml wherein the nolten netal is A356
alumnumalloy and is cooled within the shot chanber to a tenperature
within tweomanyes of 570C to 590C to formthe sem -solid PICHrUSY2/37643 A

met hod as defined in claim1 and including the step of directing the

nolten netal into a second shot chanber receiving a second shot piston,

I nt erchangi ng the second shot chanber and piston with the first shot
chanber and piston after the senm -sol1@ slurry is transferred fromthe
first shot chanber into the die cavity, and cooling the nolten netal

wi thin the second shot chanber to within the tenperature ran rmng the

2 e f
seni - sol i d8s| ur Aynethod@s/dséined:n p@mﬂsﬂz&r@mﬁﬂ@ mg _rsmehalm%gda@t fined
in claim 1,uhef &hdimbBEnaRhy ¥ diBRietér lbtﬁ%&qgéﬁi\tsw&uéngta. shot chanber having

a dianmeter larger than Its axial leng met hod as defined in claiml
wherein the nolten netal is cooled to form a sem-solid slurry within a

shot chamber haRimatnad dsaihad imtiamh 1 Wbestinshemalteaimetal iSGooisdiotbm as
efined in_claim er ei n. .t he e t : oy, and is
cool ed wi tﬂiﬁ?m'ﬁ@j’-@\ﬁgwrgh‘ﬁwgraﬁ 0 CB@%@?JI%}&%&% Sﬁ"ﬂétg{nﬁg%?] A%éet %?( 570C

to 590C toirichesnthe semi-solid slurry. 11. A nethod as defined in claim|l

wherein the gate opening is located to receive the sem-solid slurry

within only a center portion of the shot chamber and to avoid reée' Vi ng
more sol i d18) ur Aymeithod msadetined rin pelaim dn whereiRethengrolteRamstal. is ASSR et hod

gl;f mggugiyagmgpte)ﬁngéé!tloi} éﬁ@gé Bo@bd Withimnad blﬁdtdwrﬁbévit tohd fénﬁpéfaﬁ,llregﬁmihy .
nt e a vertical die.ca ress including a sho

chanber hamen@”&eg%f%ht? ‘%ﬁ&& tofprm ihe Samrsa"éﬁfﬂ"%i st on novabl egaxi ally

within the chanber, the nmethod conprising the steps of heating an ingot of

al um num | oy At or - 4 : | - grai isper,

i recting dhe i Bl B aBfted Th B fEeRih e S8 pReficl 8 1BodtBl 87,

mol ten al unéceive thiel seynivéalidisturry withistasty 2 hanise portionafite shet chamber andr e

range formdagvdasedbivie ibrd sofd xl_unga,tvnwgﬁ 2 dh&Hdraén BNhedhioeERbmiser

non-dendritiC mcrostructure, novin pi ston upwardly. to transfer
the sem-solid slurry fromthe shot chanber through a gate opening into

Ej he die cavpt Y. pedtrid @ﬁ/\bm@iubh\@ ?mg'h Steerigthluninun allep padiviithin @ diei n t he
claimiz | revbatriied sy S sehiomnie o Khrichl i T b PO L8 anove
t he shot clohaintber havithgta ggnErally wertioaktasds and a shot piston movable axially within
the chamber, the method comprising the steps of heating an ingot of aluminum
alloy to form a molten aluminum alloy having a grain refiner, directing the molten
- aluminum alloy into the shot chamber, cooling the molten aluminum alloy within
the shot chamber to within a temperature range forming a semi-solid slurry
having a globular and generally non-dendritic microstructure, moving the shot
piston upwardly to transfer the semi-solid slurry from the shot chamber through
a gate opening into the die cavity, and allowing the semi-solid slurry to solidify
within the die cavity to form the aluminum alloy part. '

13. A method as defined in claim 12 including the steps of forming an
annular entrapment recess above the shot chamber, and trapping an outer
portion of the semi-solid slurry within the shot chamber within the entrapment
recess in response to upward movement of the shot piston.

14. A method as defined in claim 12 wherein the molten aluminum alloy is
cooled within the shot chamber to a temperature range which produces a range
of 40% to 60% solid to form the semi-solid slurry.



portion of the sem-solid slurry within the shot chanber within the
entrapnment recess in response to upward novenent of the shot piston. 14. A
met hod aswoaBioa@ds i n cl ai m 12 wherein the nolten al um numpalTlusy2/8143 cool ed
wi thin the shot chanber to a tenperature range which produces a range of
40% to 60% solid to formthe sem -solid slurry. WO 03/064075 PCT/ US02/ 37543
11 15. A nethod as defined in claim 12 wherein the nolten alumnumalloy is
A356 aluminumalloy and is cooled withih the shot chanber to a tenperature
within the range of 570C to 590C to formthe sem -solid slurry. 16. A

met hod as fined in clai 2 erein the gate_ opening i,s |l ocat t.0
receive th gse aginod %ﬁ??%&e‘g\\fﬁ plafm e Yh f%fé#ﬂ%m% ?'Hﬂ“%‘f’mtﬁgyéﬁot
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of the shot . er. o . and including the
step of diwgﬁﬂa’ﬁ'g repde Oiérﬁéﬁ?élggﬁmﬁﬁ%qiﬂﬂ%?%ﬁ%’@g@g&d shot chanber
recei ving a second shot piston, interchanging the second shot chanber and
pi ston w that heafd . : | f : 17 Wdasl urry
<"t ranst erfed fneTogiet befifelf FAGRAS WMLRRIE! otk dpeRiER eaby

cool i ng t heeqgive the semirmalidsiury withisianhy a center padiona tkeshotcha ang wit hin

the tenper g &fid F@é@gﬁnb%&@ﬁolﬁ‘ﬁuﬁ? With¥Phh Butetportion oflife sholBhdiaBens
defined in claim12 whéerein the nolten alumnumalloy is cooled within a

shot chanber having a dianeter substantially larger than its depth. 19. A
met Pod as dgf i nddmethod as defidedvreciaim 1Efmmmdlﬁingkher:stupmf6di_renjinigsthec?ol ed
to forma - S u ) | C : t of at
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al um num aplstgn,i isterchhangingvhe lsacondeshoh shaothentand pistan wihgbe dirst hati t hi n

t he range ; _Bei ) lg od of
pr oduci ng gﬁﬁﬁB%Pgbggﬁsgtgﬁ%ﬁ%? gﬁ@g?@gg@yg?{ﬂr%ﬁ? rt]xl‘éﬁsgérgﬁgﬁgn‘\?/the fﬁsdﬂ%c%}ned by
a die set RBamberinia the dis cavly. amdecaoliag the sraltanaliupinug lqyyzﬁﬂi‘\'ﬂ‘r €al

shot chanbgechiyy A6t eh&ABEr & Withirethl efperdise aatg® fosihg phe tsemirsoligbl e
axially wthin the chanber and wherein the dianeter of the shot chanber is

greater t hdWMYan I njection stroke of the shot piston, the nmethod conprising
the steps of heating a solid netal alloy to forma nolten netal all oy,

directing yhe my fofhdPLeldefhb@%n claim 12 wherein the molten aluminum alloy is
cooled within a shot chamber having a diameter substantially larger than its
depth.

19. A method as defined in claim 12 wherein the molten aluminum alloy is
cooled to form a semi-solid slurry within a shot chamber having a diameter of at
least six inches.

20. A method as defined in claim 10 wherein the molten aluminum alloy is
cooled within the shot chamber to a temperature within the range of 570°C to
590°C to form the semi-solid slurry.

21.  Amethod of producing a high strength metal alloy part within a die cavity
defined by a die set mounted on a vertical die cast press including a cylindrical
shot chamber having a generally vertical axis and a shot piston movable axially
within the chamber and wherein the diameter of the shot chamber is greater than
an injection stroke of the shot piston, the method comprising the steps of heating
a solid metal alloy to form a molten metal alloy, directing the molten metal alloy
into the shot chamber, cooling the molten metal alloy within the shot chamber
to a temperature within a predetermined temperature range to form a semi-solid
slurry having a globular, and generally non-dendritic microstructure, moving the



into the shot chanber, cooling the nolten netal alloy within the shot
chanber to a tenperature within a predeterm ned tenperature range to form
a sem - sowpd3/edons ry having a gl obul ar, and general | y nonPdeniso/sise3

m crostructure, nmoving the WO 03/ 064075 PCT/ US02/ 37543 12 shot piston
upwardly to transfer the sem -solid slurry fromthe shot chanber through a
gate opening into the die cavity, and allowng the sem-solid slurry to
solidify within the die cavity to formtze netal alloy part. 22. A nethod
as defined in claim?2l1 and including the step of adding a grain refiner
material to the nolten netal |l oy directed into the shot chanber. 23. A
net hod as d&¥ot PEHON wpsyardiy toatr ahﬁéndhﬁ@elnmesdldeﬁisrmffrdmrtm shotchambet ar

ent rapment thﬁtﬁ@ﬁa QQ@V@péﬁ]ﬁ ﬁh@fthéhmt{/ éﬁ'@nl) F?’%tﬂ% Snfilsdhtdshir Qpﬁft on

of the sem d. sl ,V\nthlnthe n the entrapment
recess in %Q@ﬁ)ﬁ%t@'ri % \RRY IdQ EpREmin eometa{@llgmarﬁm ston. 24. A nethod as

defined in claim?21 wherein the nolten netal alloy is cooled wthin the

shot chanb to i,ch prod cer a, ran f 40% .to 60%
solid to fgé%‘n r@"&egﬁc?gégl ﬁng{j 8@"}"\’% an HB‘H @? ﬂ%@? NG &grainm 21
wher ei n t haefipén materiz 40 the hojtensné@bélloyatinectedrinta theyshatdhambepol ed wit hin
the shot chanber to a terrperature within the range of 570C to 590C to form
the sem - soI id slurry. 26. A nmethod as defined in claim21 and incl uding

the step of23ir A ieiiaed asdefined nvclaim 21 ingluding the steps stformingsimanruianber
[ ecel Ving BreipafdhtBessPaBRthe it BhaMBRS] A1t kSpRGEPA oﬁié?tpo?t{mﬁr and

pi ston vm't the I ston_a sem-soli1d slurry
i s transf er Etfem'cﬁﬂ 'P'h‘@uﬁfv r"‘é!{il"'gﬂ?ﬁ Sgﬁaﬂiﬁ?ber \M'tt@ntthﬁ Q!I]“@P@%ﬁﬂ frocesmn

cool i ng t heespbissntonepwardanbogment bf thetdhot pastend shot  chanber to within
the predetermned tenperature range to formthe sem-solid slurry. 27. A
nmet hod as defined in claim?21 wherein the nolten netal alloy is cooled to
form a seni24ol iAimsthed gs defingd inclainu21 whandinthémalteg retdi alimt isrcoofedat

lleast  si X \ifHiR&%e shot chamberto a temperature range which producers a range of 40%
to 60% solid to form the semi-solid slurry.

25. A method as defined in claim 21 wherein the molten metal alloy is A356
aluminum alloy and is cooled within the shot chamber to a temperature within
the range of 570°C to 590°C to form the semi-solid slurry.

26. A method as defined in claim 21 and including the step of directing the
molten metal alloy into a second shot chamber receiving a second shot piston,
interchanging the second shot chamber and piston with the first shot chamber
and piston after the semi-solid slurry is transferred from the first shot chamber
into the die cavity, and cooling the molten metal alloy within the second shot
chamber to within the predetermined temperature range to form the semi-solid
slurry.

27. A method as defined in claim 21 wherein the molten metal alloy is cooled
to form a semi-solid slurry within a shot chamber having a diameter of at least
six inches.



