WD 03/ 064075 PCT/ US02/ 37543 19 NOV 2004 1 SEM - SCLI D MOLDI NG METHOD
Backgroung of ,the I nvention [0007] The present invention REI/ B3R89

sem -sol i dOm)Pdl ng (SSM of nmetal alloys and the equi pnent and net hods
used for SSM and which are disclosed in many U.S. and forei gih3gdteifils,
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 discussed in technical publications, for
exanple, in a book entitled Science and Technol ogy of Sem -Solid Metal
Processi ng, published by. North Anerican Die Casting Association in

Cct ober, 2001. Chapter 4 ofSEMI-SOMDINORDING MEEHS hored by a co-inventor
of the present invention. In conventional SSM processes, it is necessary
to use either a specially treated, pre-cast billet of appropriate
mcrostructure or a slurry edpeekgsound pt ¥ednventiotom nol ten alloy in
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pre-cast billet is available from a relatively few sources, is currently made only

from primary alloys, and process offal cannot be reused unless reprocessed

back into a billet.

[6002] 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 nen-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
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The porti onPRHr Hﬁ"%q%é{r'PV a large diameter shot sieeve or chamber of a vertical die
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. [n a preferred embodiment of
the present invention, the shot chamber is greater than its depth by a ration of
2:1 ormore. The shot chamber is then indexed from the initial filling position to
a siurry 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 slumy having 40 to 60 percent solid, the solid fraction having a
globular, generally non-dendritic microstmctu(e. 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 siurry 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
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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
[000D8] 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
orefile of the semi-solid slurry before a center portion of the slurry is transferred
or injected into the die cavities shown in FIG. 2.
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1) p g
is recessed within a circular indexing or transfer table 48 and defines a pair of
cavities 50 which cooperate with the core members 43 {o 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, lt is to be understood that the
parts P to be die cast within the coresponding 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}1 A cylindrical vertical column or post 66 is secured fo 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
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cylmder 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 88. 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 gutde 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 altemateiy connected or coupled to the

piston rods 98 and 114,



by the gate openings 62. [0415] A double acting hydraulic shot cylinder 95°
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alloy is allowed to cool in the shot chamber 86 1o a temperature range that
produce's 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 alumirum alloy is gllowed 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 fo 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 70is 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 $1 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




refined alloy such as SiBloy. After the nolten grain refined alloy is
|owered to a tenperature of about 626C, or within the ra G028 Cto
c%ang ¢

632C, t heVREPPEN™ al 1oy is poured into the vertical shot er 86 |ocated
at the pouror fill station 80 above the ejection cylinder 110. Pref®&NabIz;
the shot chanber 86 has a dianeter substantially larger than its depth or
axial length, for exanple, a dianeter -over 6 inches, such as 7 112 inches
and a depth of less than 6 inches. [08€8] The shot sleeve 70 confining the
nolten alloy is then indexed to the transfer or injection station 82 while

a cooling period occurs. The nolten. .all | '
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shot
molding another set of parts.

[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 levet 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 moiten metal and with less heat of
fusion since the slurry is already approximatety 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 parfs.
[0022] The semi-solid molding method of the inventicn 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 jowers the cost of input



cylinder 95 is actuated to retract the piston 88 and the residual
solidified alloy material or biscuit Bwthin the shot chanber 86 and to
shear the MA®O&Ehin the gate or sprue openings 62 fromPCRASHEITES P at
the interface of the lower nold section 45 and the gate plate 60. 5 v
residual solidified metal or biscuit B, including the sprues, witHhinu ik
shot chanber 86 is then transferred by indexing the table 68 to either a
bi scuit renoval station or to the netal Bour station 80. At this station,
the piston 88 is elevated to a | evel where the biscuit Bis ejected
laterally by a fluid cylinder (not shown). After the parts P are fully

sol i dified, PRENYSEmnaliddeeiding Avangherferturediielangardiametey tadéptat | on
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48 and 68, vertical die cast presses with other forms of transfer means may be

used, for example, a reciprocating shuttie table for the bottom die section or a

tilting mechanism for a single shot sleeve.

L [0024) What is claimed is:



material for sem-solid nolding. As another feature, the |arge dianeter to
depth ratio of the shot chanber and the controlled cooling of the shot

sl eeves and shot piston provide for obtaining the desired coolingigangdy 2o
tenperature profile of the alloy within the sem-solid slurry S1 in the
center portion of the shot chanber, The annul ar entrapnment recess 63 is

al so effective to prevent the nore solidefied alloy S2 adjacent the shot
chanber wall or sleeve fromentering the spree openings 62 and fl ow ng
into the cavities 50. The short stroke of the shot piston 88, which is
greater thiwad tis dilai®ée®ris:al so provides for a broad range of cavity fill
rates, for exanple, when a rapid fill rate is desired for parts having thin
wal | sections or a slowfill rate is desired for parts having heavy wai l
sections. The g aeie@holf of Neenihebl sd afyR1iadaPh 8419 s tAleRgRhehet Ab Iparever
6" and may be  substantially nore, for exanple, 24" in order to di ast a
| arge di angt@rinsaniipasavikycAeiined kst r Wehset WREER of 2 r“%ﬁ?lﬁ@ﬁb e
[0023] Wi ¢gad heedBt howk 3idskor ArDidiaRpar shds d1feRieNhdesad i Defbnegas}i t Ut €S
a preferred enbodi ment of the_invention, it is to be understood that the

i nvent i on Y&rHSRL AN ¢ PG STCRRSHRR G SEORePhBPTAMPVAS! i B L Apya At is?

descri bed, rindilchat ¢hanges RA¥ePe AMTQikH6H el Mingodt sEePafHanberf rom t he
scope and spirit_of the invention as defined in _the appended clains. For
exanpl e, WHTE the DEFETLalthg BebRRY qAMPEdi=1ne i theo/b6Pat RS  rot ary i ndexi ng
tables 48 and 68, vertical die cast presses with other.  forns of transfer
means may be® UBEEinGop 8RhHpIREtaE FRCIYTHEMPAGERH e table for the
bottomdie section or a tilting mechanismfor a single shot sleeve. [0024]
What s cl ai rederesitihe MY ddlArdO médbhal witlclaagretinisefilierhA nmet hod of

sem -solid nolding a high strength netal part wthin a die cavity defined
by a die set Munlateonfo VAd ielleefl fior £850ncB! €4S sildle dlafiBy| NC! uding a
shot sl eeve having a gene?a y vertlcaf axl's and enclosing a shot piston
movabl e axially within the sleeve with the sleeve and piston defining a
shot chanber * aBRRANGhELE| BebiEN Mes ket H it 6REr PP hFhdest Epswifhin a

nelting a soli d?f@a@éermné@rpremalth@@ PRl whilbeatd nbitcthe Aetien netal
with a grain refiner, transferring the nolten netal into the shot chanber,
within the shot chamber has a horizontal width substantially

greater than its vertical depth and without stirring the
molten metal to form a substantially gquiescent and shallow
gemi-solid slurry having a globular and generally non-

dendritic microstructure,

*» moving the shot piston upwardly within the shot chamber to
inject a central portion of the semi-solid slurry from the
shot chamber into the die cavity through a gate opening

within a central portion of the shot chamber, and

s allowing the semi-solid slurry to solidify within the die

cavity to form the metal part.

2. A method as defined in claim 1 wherein the molten wmetal
is cooled within the shot chamber intoc the semi-solid slurry while
the molten metal has a horizontal width at least twice the

vertical depth of the molten metal.



cooling the nolten netal within the shot chanber to within a predeterm ned
tenperature range while the nolten netal wthin the shot chanber has a
hori zontal wi dth substantially greater than its vertical depth ?Qﬂ‘ VVI h&fut
stirring the nolten netal to forma substantially quiescent and g 12

sem -solid slurry having a globul ar and generally non- dendritic

m crostructure, noving the shot piston upWardly within the shot chanber to
inject a central portion of the sem-solid slurry fromthe shot chanber
into the die cavity through a gate opening wthin a central portion of the
shot chanber, ahd A aleltbwings tdef ivedi isotiaims luingludingplthgi syemd tdfi:n t he
die cavity to formthe netal part. 2. A nethod as defined in claim1l
wher ei n t he ol femingt al dovrwaystlyedawindiannuiarseptrainenereres aheye

sem -sol i d sl uriy, wh gecﬁsﬁeﬁghﬁgfﬁiﬁ%gﬁ ax Q1 igﬂ%%nw #idh aln | east

twice the vertical pt ten 19 NOvV 2004 10 3. A net hod
as defined in clmien surfisteddhdhenhshst epeeyfe. afdrnmi ng a downwardly faci ng
annul ar entrapnent recess above the shot chanber and generally in axial

al i gnment wi th @pdingen aord aga iofiribe shelr beeysh NEnet EaRPidKl i@ nore
solidified outer portion of the sem-solid slurry adjacent the shot sleeve

within the entr@bHem addaesst the pBSpomsREME WiBER - o FRFEAPMBRE tFREeSRot
piston. 4. A nme{Nad29ndef i HahudtaCheiShéntVer 8ho st Alsken. metal  is

cooled within the shot chanber to a tenperature range which produces a
range of 40%to 60%solid to formthe sem-solid slurry. 5. A nethod as
defined in claim1l wherein the nolten netal _is,Z A356 al um mljmallo and is

cool ed within the ARstherappeietived 1peplimadurBeRrithithe ARIFERJRESH 570 C

to 590 C. 1® doyieut BechHerfeSehbt Shdnbdey. t6. a Adipidiaduns faidanadiich claim 1
and including the stegs , . .
produces a range of 40% to 60% solid to form the semi-solid

slurry.

5. 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 5%0° C. to form the

semi-solid slurry.

6. A method as defined in claim 1 and including the steps
of:

e directing the molten metal into a second shot chamber

regeiving a second shot piston,

s interchanging the second shot chamber and piston with the
first shot chamber and piston after the central portion of
the semi-solid slurry is injected from the first shot

chamber into the die cavity, and

e cooling the molten metal within the second shot chamber to
within the temperature range while the molten metal within
the second shot chamber has a horizontal width substantially
greater than its vertical depth and without stirring the
molten metal to form a second charge of the semi-solid

slurry.



of: directing the nolten netal into a second shot chanber receiving a
second shot piston, interchanging the second shot chanber and piston with
the first shot chanber and piston after the central portion of the

sem -solid slurry is injected fromthe first shot chamber into th#pWizg
cavity, and cooling the nolten netal within the second shot chanber to
within the tenperature range while the nolten netal within the second shot
chanber has a horizontal width substantially greater than its vertical
depth and without stirring the nolten netal to forma second charge of the

sem -solid slurry mé8ndVoLMMhildoTid AdIRiiRgda Ohiigiestreabtd w@lai pgra hi gh
strength nmetal part, within a die cavity defined by a.die set m)unie .on a
vertical dfighigaat dps svityndepired hnel dif s "Qﬁ%'f:egl R YRR L1

general |y cagr %&@ag, RS prREsenstNEdilg a 6het qlissivennavind|£ gaxeahl yy wi thin
the sleeve with the sleeve and piston definjing a shot_chanber. above the

pi ston, t HEETFCRYIAXHIANS ERGLPREAS 3 58061 P18tRY MoygbLe sHfiat e aFMD form
a nmol ten nedels) eelré ORfdNEHeN818BYE &hd TRl 8t oM ddE idiggah Nsi® idiRmber
transferring the nolten netal into the shot chanber, cooling the nolten
metal wit ABPVEnEhE RIS ITRNbEe TBthed IHoPals e ddtteEhfRE Pt enper at ure range
while the nolten netal wthin the shot chanber has a horizontal w dth
substantial |y Twriddngr at pakiqd metadr EP cErHSpPRIEPR W% out stirring the
nolten netal to forma substantially quiescent and shallow sem -solid

slurry havi ng aiaiugachansbuenemathy wiailr adgpdin ti«fifiear,0structure with a
range of 40%to 60% solid, formng a dowwardly facing annul ar entrapnent

recess above the shot chanber a eneral l.y,in [ al j t wwth an
i nner surfacé o'frafr}?rekggﬁé{‘gg@’e%%’%ﬁ%vﬁ“%gﬁ ﬁétghggép%?toﬁhg%g?w y W thin

t he shot chanber to ,
e cooling the molten metal within the shot chamber to within a

predetermined temperature range while the molten metal
within the shot chamber has a horizontal width substantially
greater than its vertical depth and without stirring the
molten metal to form a substantially quiescent and shallow
gsemi-solid slurry having a globular and generally non-

dendritic microstructure with a range of 40% to 60% solid,

e forming a downwardly facing annular entrapment recess above
the shot chamber and generally in axial alignment with an

inner surface of the shot sleeve,

s moving the shot piston upwardly within the shot chamber to
inject a central portion of the semi-solid slurry from the
shot chamber into the die cavity through a gate cpening

within a central portion of the shot chamber,

¢ trapping a more solidified outer portion of the semi-solid
slurry adjacent the shot sleeve within the entrapment recess

in response to the upward movement of the shot piston, and

e allowing the semi-solid slurry to solidify within the die

cavity to form the metal part.



inject a central portion of the sem-solid slurry fromthe shot chanber
into the die cavity through a gate opening wthin a central portion of the
shot chanber, trapping a nore solidified outer portion of the sem -solid
slurry adjacent the shot sleeve within the entrapment recess in @g@QO@ﬁ

to the upward novenent of the shot piston, and allow ng the senﬂ !
slurry to solidify within the die cavitig to formthe netal part. 19 NOV
2004 12 8. A nethod as defined in claim7 wherein the nmolten nmetal is
cooled within the shot chanber into the sem-solid slurry while the nolten
nmetal has a horg zenmekhwil did defihedsintolizden Uhehemﬁﬂﬁiuhalmdbpéﬁlmﬁtaﬂhe

| t tal. 9. A nethod as def | 7 and i ncl the steps of:
i ot i ng TheRAPBCRLHERLI TenPhoh SERBRA SHET CHaRBBH 57 bibi WG kekond

shot pi st othe moltehChetyli M@ st Behseraitasheidethantbaeaandtwicd athewi t h t he
first shot chanbir an puit n afier th% ﬁentral portion of the sem-solid
slurry is Y§hte€aedder &E0ei Petthd éhanber into the die cavity, and
cooling the nolten netal within the second shot chanber to wthin the
tenperature range while the nolten netal th|n ecqond shot chanber
has a hori zont al® wAdMEtRaBsisfstareyd lﬁr%@'r t A ﬂ‘é“\%?‘?l t3F HEFth and
W thout stggring the nolten netal to forma second charge of the
sem -solid slurry.

e directing the molten metal into a second shot chamber

receiving a second shot piston,

e interchanging the second shot chamber and piston with the
first shot chamber and piston after the central portion of
the semi-solid slurry is injected from the first shot

chamber into the die cavity, and

e cooling the molten metal within the second shot chamber to
within the temperature range while the molten metal within
the second shot chamber has a horizontal width substantially
greater than its vertical depth and without stirring the
molten metal to form a second charge of the semi-solid

slurry.



