SCREW DESIGN AND METHOD FOR METAL INJECTION MOLDING
BACKGROUND OF THE INVENTION [1] 1.Field of the Invention [2] The
present invention relates generally to injection molding and more
wepsoificedysto a screw design for an injection molding machercorHigtmectss
for use with processing metals and method of configuring an injection
molding machine for use with processing metals. [3] 2.Background of the
Related Art gf Processin%émetals into 3-dimensional net shapes via

convertiriditeci oAty el njeRioM kil Batishe! t%or

plastics has been a long time goal of many research efforts. Injection
molding is a low cost processing technique to produce complex parts but

has been limited to ghe-melging ah plastics faraNafisty of reasons. [9]

There is an extremely large installed based of injection molding equipment
[oworldwide Fitig diffieLitterdiefine the exact number but it is likely that there

are more than 1 million injection molding machines in commercial use
[Ofbdayhasraseskviito d etivddiegeokiajbctionjesbtdimgochindgriar€hina

alone have averaged around 50,000 units/year for the last few years.

SORGEICALNA IMB AR SRR ER T8 S AREHB A B D R QR R of5F0
W@ﬁgr@c%é‘g L a%aé:nh'”n%’én%? 5‘%%%&%’%5%9% y Oéc%eate&&%checé%'r'Xnié for
y are properly maintained and/or upgrade @.g. glectront Sﬂ
use with processing metals.
031 2. Background of the Related Art
[04] Processing metals into 3-dimensional net shapes via conventional
reciprocating screw injection molding equipment used for plastics has been a long
time goal of many research efforts. injection molding is a low cost processing
technigue to produce complex parts but has been limited to the molding of plastics
for a variety of reasons.
[05] There is an extremely large insialled based of injection molding equipment
worldwide. 1t is difficult 10 define the exact number but it is likely that there are more
than 1 million injection molding machines in commercial use today. As an example,
deliveries of injection molding machines in China alone have averaged around
50,000 units/year for ihe last few years. injection molding equipment has a finite
lifetime but it is a minimum of 10 years and many machines operate for 20 years or
greaier especially if they are properly maintained and/or upgraded (e.g. electronics).
[06] Metals are generally accepted as not processable in conventional injection
molding equipment intended for plastic processing. There are two main reasons.

First, metal and their alloys of commercial interast generally (there are exceptions)

have melting iemperatures that are significantly above the maximum temperature

C001-CP P0O1467-PCT



[6] Metals are generally accepted as not processable in conventional
injection molding equipment intended for plastic processing. There are two
main reasons. First, metal and their alloys of commercial interest generally

WENSB/ g Exceptions) have melting temperatures that are SRfFIfCsRGH§/ 056238
above the maximum temperature -2-capability of the majority of injection
molding machines (typically 400C/-800F). This temperature is sufficient for
all or almost all organic ‘E)%%/,mers since th% all tend to start to degrade

el kRIS, BAGHIE ESis POl GRS Ricall 09 %6080 )

- - issue | - Although molten. metal
Té@%‘?‘fg%g&r@?sﬁ%&%ﬁf% 51 BISS S o% i c’a;%/mm%%%@%tlz%eyi%Pt‘é%d

us tempera ave a very fow viScosity, they cry

wiapidly hakilds difficulideoversemetha sirapeib)of ceystal fasmatian s

injection molding equipment. On the other hand, polymers (amorphous
4(polymeafd semi-crystalline polymers to a lesser extent) are viscous
materials with a broad viscosity versus temperature relationship.

[0Therbferesdiiiv BaHDe EsFelRedt byt @omeisatioplastebayedarirdouitis
tegﬁ;sure. Unlike most metals, viscosity in polymers never drops to an

EHER BV VarGeY (8 ViReRalindBy S Ger it SR St be b et icult to
o T o SR A BB R AR Dl

otRENNERTIORAniec o MPISIRG 6GHBROSRY DAL -UpRSsaHY mIess these

criteria. Metals, in general, have a much sharper transition at their melting
lepinexTdner erard sexce ptiansids indhudibg se mscsal it retals tsepairanaken
metals at a temperature intermediate to their liquidus and solidus

retglifpeliitutesjoae§ divegiobe ¢retellisloysaarHineiancengperishaand
retards or delays crystal formation, [%gAsaresult, the generally excepted

O eHbel 1 BTG S BHEIOn A S R T ABEId g o

vaﬁ?@%%%: M@E[&Ef@ﬂ&t%{oﬁ%\% E&&%ﬁ&ﬁ%&dén‘ﬁ%l' above the liquidus

temperature and the molten metal is poured by gravity or pressure

[ogpsistes iy fillareavity: Distasiing RacbRIessLiBastisled fagastingre
accepted processing methods and there are a large number of die casting

miaeilitias amubdgolphaeat e dviid e ddeesngretiSgnrecdisazhimntd gasditodie
casting based

molding equipment. Folymers generally meet these criteria. Metals, in general, have

a much sharper transition at their melting point. There are exceptions in including

semi-solid metals (semi molten metals at a temperature intermediate to their liquidus

and solidus temperatures) and amorphous metal alloys that have a composition that

retards or delays crystal formation,

[09] As aresult, the generally excepted method for producing 3-dimensional net

- shape parts from metals is die casting. In die casting the process temperature is well
above the liquidus temperature and the molien metal is poured by gravity or
pressure assisied to fill a cavity. Die casting and pressure assisted die casting are

accepted processing methods and there are a large number of die casting facilities

and equipment worldwide. There are some disadvantages to die casting based
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primarily on the uncontrolled flow of the material while filling the cavity.

The lack of rheological control on the flow (water like viscosity) cause

mold filling that is inconsistent, often causes voids or defects, creates
wandesiralsites surface finish effects, and less than desirable dimarisiomnalosez3s

control (shrinkage). Another approach is to work with the metal in the

semi-solid state (between its liquidus and solidus temperatures) to

effectively lower the process temperature. Coolig‘?i of the semi-solid also

PrisrBtlca swEIceRtRie BonerblisebrarBbtiile BFfisethpearitg diadesk of

solidified, This,approach is used.in the molding of certain, magnesium
e e e R D O e R

intBomaldings Qg QIdNE diwRarks LRI OfdRERS RIACRSRES RINe

availability of commercial equipment. Die casting usually involves a
efferndaydikeemdrofsoeniitodiereRithe praeasis dampesaiumsiesguiretdoach is
Thixomolding requires somewhat lower temperatures but uses force and

tothierefuite the e st e gpecializededheiprmenis tinvizercandesthid rapid
solidification or crystal growth. Thixomolded parts also in general have

I QGRIRRERT SBCTIREII e qUiFE B MO CSTRIRIBRMAH Fe b5iP RB.Sh ifsh36UH SOl
There.are also significant requirements on.the handling and reprocessi

SRSk va et Sl el e

Traftepdeinmed tors melahinifclon AN AN R PRYISLINECHRitied
molding (PIM). In this case a perform or green part is injection molded at

injeativentmdiabteroperaturesddsiog powderadimetals ancharirgpaie D61 either
polymeric binder. The binder is removed and the part is sintered at high

of ibensarEROPeSPSdS dHfuRYALAOINI OhAseHT ecife Barite e PuetcAsTagesually
volume reduction (shrinkage) is associated with the sintering step. A

MYBLRtA FIBHE S KT ARG BITRE D EFE RO A A GEPShigHE B gD e dyirod:
w%?&%%ﬁ?es@?r 'é%%n‘%'é%%gi Bver /%%‘f;'}é?é}%'f e g%%éﬁé%'céoé%'{;@)e?&é‘r@,

create soO -dimensiona ape are not sul e 1or com

vePjTHBUEREnc 4pddidl BRSO RERERSSReABART PRI 5% alikdR%tion or crystal

commercially and successfully. Yet, they all have significant cost or other
groratviiacksibaktininwideoutiliyrand cemrsiertialsigsiticanss. kavavlddres,

certainly desirable if metal alloys were processable into 3-dimensional net
susiaap dipairteensind avniesntienal irjecasnano iggglieguipeaeiiements on the

handling and reprocessing of scrap, runners, gic.

[10] A third route to near net shape metallic parts is often referred 1o as metal
injection molding (MIM) or powder injection moiding (PIM). In this case a perform or
green part is injection molded at conventional temperatures using powdered metals
and an organic or polymeric binder. The binder is removed and the part is sintered at
high temperature in a reducing environment to generate the part. A large volume
reduction (shrinkage) is associated with the sintering step. A fourth route is
machining of the part from larger shapes or ingots {o generate the desired
dimensions. Additional methods (e.g. forging} can create some 3-dimensional shape

but are not suitable for complex structures.
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[12] Therefore, there is a need within the industry for a method of
processing metals in injection molding equipment. SUMMARY OF THE
INVENTION [13] The modified screw for an injection molding machine
wibhees thisasroblems of the prior art by providing screw shaftthatcamiess2ss
used to process metals in an injectiQQ_molding machine. The screw has a
shank with a screw shaft extending therefrom. The screw shaft includes a
front, middle and rear portions. The screw shaft also includes a number of

[HlightEh g8 B" aeRRETES RTSTEITE) A UGS H S MBCESH M AIaheH AFasRIRYY In
ferred embodiment, fligh h haf d only through

Ve TF bRt Bt 48 L oSk AR e A GREAH AR 0 <o B ARY As

cdRRNAIRE Denciaedondhe H&eéﬁ%ﬁfiy'aé& Jgﬁesffffn%!@%%gs[%&én lieu of

manufacturing a new screw, the modified screw of the present may be

provadefenme conventionall plastiesinjeationgme dingSerevs by salestiveliing
removing the flights in the middle and/or front portions of the screw shaft.

eduishEhé screw may be used in conventional injection molding machines,
traditionally used to process plastics, in order to process metals. 4a

[12]  Therefore, there is a need within the industry for a method of processing

meials in injection molding equipment.

SUMMARY OF THE INVENTION
[13] The modified screw for an injection molding machine scives the problems of
the prior art by providing screw shaft that can be used io process metals in an
in}ecﬁon molding machine. The screw has a shank with a screw shaft extending
therefrom. The screw shaft inciudes a front, middie and rear portions. The screw
shaft also includes a number of flights used 1o advance material through the injection
molding machine. In the preferred embodiment, flights on the screw shaft extend
only through the rear section of the screw shaft. In an aliernative embodiment, flights
may also be included on the front portion of the screw shaft.
[14] Inlieu of manufacturing a new screw, the modified screw of the present may
be made from a conventional plastics injection molding screw by selectively
removing the flights in the middie and/or front portions of the screw shaii.
[15] The screw may be used in conventional injection molding machines,

traditionally used 1o process plastics, in order to process metals.
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[15a] According to the first aspect of the present invention, there is
provided a screw for processing metal, metallic alloys, and metal matrix
composites in a plastics injection molgdjng machine, including: a shank; a
screw shaft extending from the shank, the screw shaft having a rear
portion proximate to the shank, a middle portion proximate the rear
[i%gflo C(%r%fgi% frant, PelionRraxipate Fo-tagmiddie AoriR: ANCHNEIS o screw
éxtending rorm the rear portion of the screw shaft for advancing metal, )
fometallicssiay speiald metallinatheycorpbsResth ol tReREsHeS Mjettdastics
immolding machine into. the middie, podiap g the scraw shaftsaldfaeWom the
tha conﬂgur(?d and arranged to e.rotatedj and reciprocated within a ,
staakielhefaplastedihjoction maldny AiaerREnaE doriddibapbriion iefsapgrtion
pl%%%tEQ%g being proximale 19,3 {faNsHon zRNGe4 Al RIBSHERINISSURR; and

Ing wherein'said metal, metallic alloys and metal matrix composites
flafesheateadiogofmm sbmissoliastien Witk fiettatihalliseosty Wrkikpgetal,

w18 P %%?t fiiahts.en-sait %%%s%&ti@ﬂcﬁfgﬁaiﬁégr@m%ﬁ%@diew $RMing
(0]

screw sha e rotated and reciprocated within the barrel of said plastics
mimjictommdding ddde meianthb dteorsemg itk sid sermm st SoryaRFehand
arsglilgggj%%%t,i{anyéacﬁ%t¥ei§.ﬁmic@jM&%ﬂf& & thasaeond asprcheliding

theresent invention, there is provided a plastics injection molding
mprachineasbnfigdie ddoi predsssinyisistela h BEANE ISR N mEEITHAtZone
of ga%pﬁﬁgﬁésiﬂ}&%ﬁt%f@iﬁgt\mféﬂlgﬂw MashipRANRIUMAG &d metal matrix

temperature-controlled barrel having a metering zone, transition zone and
chopdsitnara feasddhroRr tonfguied férsﬁiﬁliye}‘(é%ﬁ@ HisfeatnsoyiassRitn g hereby
H0tg,the feed gone of the.Ramsli@-nezaleLxiendingHrom heimeeingid screw

zone of the barrel; a screw having: a shank; a screw shaft extending from

st (shlamioteriedseréwreivanchisding thirdE BaFtRPbraidhktits s difdhiroding

mgyﬁl%'é RAFIQR RrRX DAt NG FERROIHRM s R Afienk ariiaB: pEaximateosity is
the middle portion; flights extending from the rear portion of the screw
highaft for advancing metal, metallic alloys, and metal matrix composites
through the barrel gf the plastics injection molding. machine into the mi
RO S B SSA A R 5T AT VRl W a4 Ve o
plastitor Wiisetigrtimediekoathive eeviicsurd deredossafinontigtiraaciiyc alloys,
af1AReadsabe riatpskand ieepRsatedithiotheddine| shthenplastitsding: a

injection moldin chine, said mi tion of said. ' .
R TR AT S e sl ot a0 o
fesdithretatopieaaing ANbYRSaF e tIPHRER Pomploiie & d e kited 1870 the
barsenmiseligklunendthdl Getuating misedsityavheebihthbealeben cerofflfghtisig: a
sh%l?aéds@égﬂgl&gﬁ ré%rﬁiﬁ@'ﬂ(ﬁﬁr% shaft allwsid serevnshalt torbg: portion

rota’[ed and reciprocated Wilftﬁln the barrel of said plfjlstlcs mgg_ctlor? re%)f\ ing. ¢
PREERHe WithsutBinbin Wit SaRPEeHi Bt BFy WWHER' SR Ikt dAting ™
poisoasiyidrhigh thebmjdBt] podintint bishethindius oot dhehegiregeinn of the
séfb\cgeﬂgﬁ'lfﬁ?%ft@thﬁ?g/'&%e?ﬂ@lﬂ.a;e&mdactp_l%psg_@ﬁ&ta{wamﬁa@imetaﬂmaw&ough

and metal matrix composites in a plastics injection molding . ne. .
ARG CAH B QYOI L el Mo My R on of the
sdrawinbadl sowreremoiing araselels RepIskiABAESIREWitReghe shank of the
sdeplasgmentiscrawrcontigurad and arrangddddrenraaessing mefalscated within
pinetallic glloys, and metal mattix caMPASILES:PIReSSINg MRIAloMeRlIA screw

alloys and metal matrix composites using, said screw and machin ,{15 }
SRk 1A B < RRL BTHHE B EbaRE EO I B G B e
saitethad phwandifyintioy sarelwforahmises tmmpoidisgradoiaieg, isaldrserewemi-
sdljlﬁf’ H?Qré%t&ﬁﬂ keyith aiserewcshaft exiaedingtheseface dhaiserewrshalt middle

aving 4 rear portion praxirate to the shank a,middle pOHion PIPUMAE e

PORERRAY poitlort SHASAbAL PortiSh proximate the middie portion. and =
wiligintshextending tathrthaetssrisiestia Tt diagameniinmatahonidtiféng o, said
sahdspIetal matknearmpasies oy gistoeiplastiosinjections molding

machine, said method including the step of: removing the flights from the

middle portion of the screw shatft.



5- BRIEF DESCRIPTION OF THE DRAWINGS [16] These and other
features, aspects, and advantages of the present invention will become
better understood with reference to the following description, appended
claims, and accompanying drawings Where [17] Fig. 1 is plan view of the
preferred embodiment of the screw design of the present invention' [18]
tron Vi w0 fa conventronal lasti ectron

[Eg‘ S mal Crt Sest ] SEn rovided a
di éﬂfh mcorporatrnéj?ﬁ re}er Smbot menPb es Créw
nEigrrbbrhecpresemciElentioRIC (200 Fgusl inalpl appiis e GPERsHRe FRatIREstics

igebedimeniakthe.saiew desighqf the presentiinyemtiamDETALER injection
mo%sn%%ﬁ&]lgag I’(I%,IW\:/’}.I-I;EE ‘;PcB FE&RRRnE%%%QJWN&lacmg the screw with a
replacement screw configured and arranged for processing metals, metallic alloys, and

metal matrix composites; processing metal, metallic alloys and metal matrix

composites using said screw and machine.

[15d] According to the fourth aspect of the present invention, there is provided a
method of modifyving a screw for an injection molding machine, said screw having a
shank with a screw shaft extending therefore, the screw shaft having a rear portion
proximate to the shank, a middle portion proximate the rear portion, and a front
portion proximate the middle portion, and flights extending from the screw shaft for
advancing metal, metallic alloys, and metal matrix composites through the plastics
injections molding machine, said method including the step of: removing the flights

from the middle portion of the screw shalft.



[20] Referring now to Fig.1, screw for an injection molding machine of the
present invention is disclosed generally at 10. The screw has a shank 12
with a screw shaft 14 extending therefrom. The screw shaft 14 includes a
wibantg62middle 18 and rear 20 portions. The screw shaft 14aigsvSnoksaes:s
a number of flights 22 used to advange material through the injection
molding machine. In the preferred embodiment, flights 22 on the screw
shaft 14 extend only through the rear section 20 of the screw shaft 14. In
an alternative embodiment 100, best seen in Fig. 3, flights 22 may also be

included on thetﬁgﬁgﬁs’g%%g{ﬁjﬂg?\?&gr@_v%%sgaﬁ&\mﬁﬂdgwever, itis

imperative that be eliminated (6rnot included) in the middle
[190TtoR.18 Qldhe-serennihaftld. b aleld REMRYIRY HONLEEL Eirdention
plastics injection molding machine configured with the screw 10 of the
wipregenidmetationdsrshayngenetaly @ d4hd el dneeliossopisingameshiae
24 includes a barrel section 26 that is roughly divided into three zones,
clfwas] andrgitionzndingederimggavhictravill be further described below. The
screw 10 is rotated and plunged in the barrel bé)a motor 28. Material K is

[Tfed ik this R Sane 0N thie Yarrel S5 BB 80 ErticA fide

ré@é%ﬂn%%h@tr;[he metering zone of the barrel 26, is a nozzle 34 that is
P onhected to'a mold press 36 having a mold 38 with a mold cavity 40 and

[1§PUEA2 The,SAe AR 0eLmRIdieavinL 4R g b fuid icenossiedowithibe o
nozzle 34. Temperature in the barrel 26 is partially controlled through
migatesdetpd2hg egoeewrd0 ofpreRashinventiaoralawsigvited pngs:af
metals and their alloys and composites to be processed into
im@iefigtensional net shape parts using the conventional injection molding
equipment intended for the processing of plastics. Although conventional
[ FhjeclBnritofdify dRipth BRI ORI R PBE Jipsstetf 1Bt fs Brotidss
all metals f';\nd their alloys based on a temperature limit (e.g. high
pr?gﬁippie% Ur'eo%teels, etc.) there is a range of commercially interesting
alloys and their composites that would be anticipated to find much broader
utility if they could be processed using the installed worldwide base of
injectiaEmulciny TR menyORCF THERBFERSUEES Kivs CEmERTture
capacity, mechanical capacity, viscosity characteristics) have been the
[2@ignificleninonienidnEitol roewskingmibesksmecdding oyasiing theie present
composites in conventional molding equipment. They are 1& viscosity

ESHHBIS3) SARERThBERTE AR APRISS AR RS @ Sorew shaf

14 extending therefrom. The screw shaft 14 includes a front 16, middle 18 and rear
20 portions. The screw shaft 14 also includes a number of flights 22 used io advance
material through the injection molding machine. in the preferred embodiment, flights
22 on the screw shaft 14 extend only through the rear section 2G of the screw shafi
14. In an alternative embodiment 100, best seen in Fig. 3, flights 22 may also be
inciuded on the front portion 16 of the screw shaft 14. However, it is imperative that
the flights 22 be eliminated (or not included} in the middie portion 18 of the screw

shaft 14.
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[24] Viscosity considerations are based on the characteristic that most
metals and alloys have very low viscosities above their solidus
temperature and particularly above their liquidus temperature. It is difficult
We conmmnokzhe flow of a very low -7- viscosity fluid in the injeationimalcingszss
process both through the injection pracess and in the filling of the mold
cavity. Creation of a high viscosity melt with plastic flow as a function of
temperature addressed in the previous disclosures. [25] The second
[A8bud B dIatL dhde MidRstiosdinciinsans ding tharhinpperigveemeith
thtg@&gﬁa}grgﬁ i'?ebo?é% éh?i E%t/ag lard ra%%e, of conv?ntional jrn'ecti,on moldin
equipment The B/pical Tange & 1oa 00T 508860 E] bkt Pigac
I I [ - [ I ratures
e O O e A e

fepalytraessichhmtypicatangmavaiaiie inreermmessaisidtedionmoldiag 1o is
equipment is not higher than this value simply do to the lack of need and

rofated dditioheicexide se bhaeWandd ieaetfuidaieoay & higheinidanetbelessye
there are reasonably simple modifications that would allow most of the

ORI E ! Ao LB YoM BIBRRE E RS At RS O PERRcSa: SuBadntigiysigig:of
t s (up.to 675C/-1250F f le). Input heat has to b

e e L R ENE By VG e siar BaRe e o0

WB@MWW&%@%@@&@Q&%5&%3%@%&%@?&%&%4\/' %]8 F&ein fiuicd

construction is usually specific steel grades that have quite hig

cdeneprrauite Capabiity {usuatpwell excepdingtaelanpgethatys bMesesiing
in this disclosure i.e. up to 675C/-1250F or about the melting point of pure

thtugfmgair©ter machine considerations, for example, seals and
auxiliary components that are exposed to higher temperatures than

PRorfdI TR HePhRIRSFRITBIRRAS Ak Erad s alsooh seials Bad their
SRS iERRET s Leenly U Mt e
L b L
AlrangidetatientisrihierjpechanioalicqpagiprehingocRnyentioaabitigetione able
molding equipment. Historical attempts to process metals,
to process all metals and their alloys based on a temperature limit (2.g. high
temperature steels, efc.) there is a range of commercially interesting alloys and their
composites that would be anticipated to find much broader utility if they could be
processed using the installed worldwide base of injection molding machinery.
(23]  Three main issues (i.e. temperature capacity, mechanical capacity, viscosity
characteristics) have been the significant limitations for processing metals, meta
alloys, and their composites in conventionai molding equipment. They are 1)
viscosity control, 2) machine temperature and 3) machine mechanics.
[24] Viscosity considerations are based on the characteristic that most metals and

alloys have very iow viscosities above their solidus temperature and particularfy

above their liquidus temperature. It is difficult to control the flow of a very low
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-8- their alloys and their composites in conventional injection molding
equipment have not been successful. It has resulted in significant
unacceptable events including cracked barrels, bent screws, motor
winmetge2aisd/or leakage/spray of hot molten metal. These eventssates/ 656238
largely due to the inability of the machine to overcome the strength of solid
metal (or solidifying metal, i.e. crystal formation). The machine motor
and/or materials of construction typically do not have sufficient capacity to

VIRRRSIBOHE idRa SIRSHGEHSiine s50sREsRABHELY BRBemAs BRTRIRERER RS
B SR R L A BB R v e
uiomelding frecessdormnadnesivm alleys: s specialized equipment

the machine is highly oversized compared to conventional injection
[2B)0lding eetinmient ofssisnies taDRAgRcH. M-eiamRing feres) Adhixanantging
machine may appear to be 50% larger than the size of a conventional
hamfeatidriampkliniyrasadbine Witlsisintiled chagtigdoveeatsingbiyidoie mrpaittitg
the additional torque and strength of machine design required to process
S REENESUHVSHBA RSB AR ding PRSFHAE Istg6aIsdlitg ange
mechanically break up / break down the crystallites/crystals (dendritic) that
accormmodaies aP“nos%(alﬂ Orgaiic Eg?’lymer ara& Yen r%e&%'@eé% %?/%%Ooleor

are formed’in the magnéesiu oys (an
. ; i i .
Ca?(-iin%t:r|c\)‘(;%‘t%?:ey;{.%I[\;’/Idgtj?hsan|calI;g/téllbiﬁzétgklng ugftﬁév%iﬁg crysta%sps?g&; mgt&fhﬂi@e
tyioial vy ineasiemi soidmeshivim iganasion gegkalibedhixemaldinser than
process or machinery. For this reason and others (e.g. flammability of hot
thig digfhe siumplyspeisidligeecked trefcos fen sildiigaiperiss teguiedd The
thixomolding process also attempts rapid injection (before material freezes

o8 Hhi® SRéIEISESNPREHIHTIB olififiR6 FetRIce th e HEtS G eiticatipea !
in tool cavity (i.e, cogling.effect and time required to vent air). -9- [28]

s e LA R T S bR R 6 o

suBaMRgailyeigiretion seriding %959@?@@41%@%%%%(!-%@mm has
pressures) on the partially solidified, partially solidified or crystalline

to matetiabKed[28] Tireiproblsmaduohimaeking aacs msifeRagds that have
non-compressible metal that overcomes the strength limit of the machine

higlied/rieecympanerits) i calgseePbpthetpetiplockiting oralinetafntieusually
standard conventional injection molding equipment 24. Almost all the

SPRIEGTEIRSTBRARG BatisRAL S HeAHGMRRRT S TERRARMGN THE Rk ssing
engegéﬁrirﬁ'p Tl TREIDORRIING Be Y eg '@%‘@;Fgf‘;@@eéﬁ%%% F or

were unge deS|gn where material was 1e azonel

AN R AdMHG R TN IS IRIRRAIRY SSHeW mgéigﬁweca&@agasn%@y%ber of

disadvantages of the plunger design including non-uniformity o
extenppsrsdaredndhenialy anchpenglengacsidengedinecatiigmperabargiures

These characteristics are particularly negative for plastics as the
thatpRoIMBbHEtEN R Riglre eiautsssaitatioristinagh e folvaxrdaie pansidered,

integrit and the long periods at elevated temperature contribute to the

re;a@cé g ﬂ%?rff8ﬂﬂ~?é“&¥o|%?€%‘i%1§ﬁ€, with higher lemperature materials of

construction. Nonetheless, there are little or few obstruciions to running the
conventional injection molding equipment at substantialiy higher temperatures.
[26]  The third and most important consideration is the mechanical capacity of the

conventional injection molding equipment. Historical attempts to process metals,
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[30] There is a temperature profile along the screw (along the barrel 26) in
the reciprocating screw injection molding machine 24. The length of the
screw/barrel 26 can generally be segregating into three sections based on
Wiheiwfimneiion. These are the feeding, transition and meterin§SBEHOM S/ 0156238
[31] The feeding section (typically abgut 50% of the length) is meant to
transport solid pellets material K to the transition section, heat them to a
tergﬁerature below melting/fusing, and compress them to a more densely

heja R ARIIRE GPENSRIRRIE BRSSP RN PR B RPRo RN ofhiave

ttr nsition zon |§ ;p%ended melt the eIIFts/materl IKthroy&
gle) i SLICC u as 7esy dm s i nac egt% ewjg n?ludn\"}g
mechanicar shear and conductive Hea ing fr arrel 26 wal ell

ch&E&%Fe@%%ﬂ?&%%drﬁﬁ%&ﬁ%@%&%#%éﬂ@@é%éﬁ@!f@'h’& hBen

-10- metering section attempts to provide a uniform temperature to the
mangltandseliversa pyr eoigewolemetod mateinabinfeont ofitheiscrew:timéone

injection into the mold cavity. [32] Typically screw design is somewhat
stigiftefent $alidaontseictice!dieipragtdnplishy sk femtrisiofl achassotion.

[33] The screw 10 of the present invention describes an injection molding

A e g B Rl SRS T BPYASA LRk s,
ov%?gf%{nngtr%!emiat%ﬂcqm RRRHES U SPGB IROSAINALASISY UGSl
first (e.g. cracked barrel).

[27] A good example of trying 1o overcorne these phenomena is what occurs in
what is called the thixomolding process for magnesium alloys. In this specialized
equipment the machine is highly oversized compared 1o convaniional injection
molding equipment of simiar tonnage (il.e. clamping force). A thixomolding machine
may appear to be 50% larger than the size of a conventional injection molding
machine with similar ciamping force simply due in part {o the additional torque and
strength of machine design required to process the magnesium alloy. The
thixomolding machine is designed 1o mechanically break up / break dowr: the
crystallites/crystals (dendritic) that are formed in the magnesium alioys (and in most
metals) as they cool or as they are held at temperature between their liquidus and
solidus temperatures. Mechanically breaking up/down the crystals so that they can
flow in a semi-solid medium is a design goal of the thixomolding process or
machinery. FFor this reascn and others (e.g. flammability of hot magnesium)
specialized and more expensive equipment is required. The thixomolding process
also attempts rapid injection (before material freezes off) and often uses vacuum
tooding to reduce the effects of entrapped air in the tool cavity (i.e. cooling effect and

time required to vent air).
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[34] Preferably the screw 10 flights 22 that have a 1:1 compression ratio

or conceivably less than a 1:1 compression ratio. Typical recommended

compression ratio (feed flight depth / metering flight depth) for most
Wihol{#ak3ahd reinforced polymers/plastics is 2:1 to 3:1. ThePEGitpreasisn23s

ratio is typically a ratio of linear deptg.but can also, and in a sense more

accurately, be represented as a ratio of volumes (effective volume ratio

256 QU G SOl TG Gahdraie ek BB frci
ARG FREDEID Ml A blenc 8 s g polymer Pl IDRERUS) on

Injection molding, sh ergy accounts forapproximate
ihbeatinprésadnedebimer, dbipihernatdmthrouahcenduction from the
heated barrel). Because polymers are typically poor conductors of thermal
[2€nergy(prgbieringhcoachict Vitydappr okimgtelyr-0c ibhess)éo nduat et
heating from the barrel is reasonably inefficient. The screw 10 constantly
OVBFRiEcR &R SHARSHAIR It tHe Warontha s dsIoRphest i) dngaused by the
s,ubseti]uent wi%es it to combine it with the rest of the cooler material K yet

"eHRIRRUIRAPHEL fHern St ERTHS LT ARNS TR SRRy B BR
Al@l%@’yglgth%%}}égﬁ%%% 'Fﬁdﬂglﬁﬁ%éﬂ?%ﬂ'iﬁaﬂg%ﬁé&% u?xt%veﬂy%?)ﬁ"le

composites ermal conductivity of the s nd the therma
pré@sdelivity adibe el algHubstaptiRkeinechigrmabiep ReEHAY 2f ten

typical metal alloy is at least 250 times the thermal conductivity of the
waypcalypglymaesidrnerefer e diee # fiieefrcyof dlxe reonduciuechiedtiong friom

the barrel 26 is much more efficient given the transient nature (limited
PlBRIe it HFIBISAHNE ACAREREHORIBYR) SRS Grawm e PhEisaHRvages of the

o A R e e i e

rega%mm%gv% ) Rlgtg meling obpellets;k; and with Mmﬂwggm@ for

VIScosity or aracteristics). Therefore, the need for compression to
pladipduseteshaniarl-actionand ikecrestion-siheat heaingis Nl tesyied.

Without this requirement a screw 10 with at 1:1 compression ratio or
intpotigntiathtle compressicratatiy el Wrapclas:satisfirdtony @ridedeésirableion

and necessary. [35] The standard screw compression ratio 2:1 to 3:1 has
of PREAGAIVE HBHE when attempting to process metals, alloys or their

0Tt B e ST A RO o B RS GG A Kb T
e

Therefore, machine 24 forces that attempt to compress or move (by action

caffdbesgreweld usampymaterialdRabhasahigh sHengthustifneshese are

hardness or is high incompressible can result in failure of the machine 24
thefdesliognipomsdins dedyraietog2&charnsel 26, etc). [36] An additional
reason to use screw compression with a polymer is to meld the partially

13 HholtbFeOP ARENE RS INB BN AP B O HoIBEB S8Rl B RBTFRO

terial. The vi ity of _plastics, in th It, is signifi d
S TRl e UL SRR DG eh At GO AUt SR
AREAGIGE! A5 B RIS SGASLY IS YFDIGUSELY) ILINEFIR0RANG diciuce

allows pressure or force dependent transport as a function of temperature.

thel fie signifeanbeisensitydtve). drernabeupthe el iermr@igiealsaallows
the molten polymer to resist flow without an active force -12-
pelleis/material K through mechanical shear and conductive heating from the barre!

26 wall as well as further exclude air and densify the melt o its theoretical value. The
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above some finite pressure (e.g. it won't run out of the nozzle 34 without

pressure being applied). The finite viscosity of the polymer melt is also

advantageous in proper filling of a mold cavity 40. Controlled flow (e.g.
wioumeain fiosv, laminar flow) is desired to achieve optimal meethanisalsamek23s

physical properties in a molded part,gpd the significant viscosity allows

this. The transition from laminar to turbulent flow (undesired) is a function

of fluid viscosity. At the same time the significant viscosity can create

MEGHIE REGHER S H5ETB1S [PPSR A AR STRRRTEH AR [ e thenstAsiiyen a
of the weld line is often i cted by the viscosity. of the melt flow fronts
P e B P RS R AR RO e iy
iswyeldrine wijhortihg.aig-ak adritional BesaanicalARIORLE-nsgan- The
melding and homogenization of amorphous polymers is often the most
addiffiquitbecausettheisivisepsibrtisa function of temperature over a large
temperature range and their melt viscosity even at high temperature is
[38)pichilly sneeh Highérahaestnitofesdmi-depstiiine poljeviers Miidimelding
and homogenization of semi-crystalline polymers is aided by the .
L R AT RSP KISRiBrPaB BY O LA RIS TRARE A sYsH iR siial matrix
coffERRIRe Hoteuer, 1apid solitifioatian A yiseosiby lnarease below
the crys%acﬁﬂne me temperﬁure can caade’ Weidinge r’é‘ﬁgetﬁuﬁ%‘gféms
13@nd mgld fliparisserserendnere diffigyilt., Indhese cases.he material may
want to freeze off (solidify) prior to homogenization (weld line) or mold
copvitaidi) lingd3 4 TThednplitessonparidally fheitessoreiaindretabalio¥ion
metal matrix composite typically contains material with significantly lower
ratjgsdesityligianient molederiagriégbhoestior ise mieerystatiine dref meopiastd
polymer. The low viscosity of a molten metal or the low viscosit;g@hase in

POl CiSHS RIBRtF MBI Tl vistol e PRI RS i HRulRe WP IsRYlY ArtatiR FolessIs
d metallic. surfaces. The low viscosit high affinity tends to displace
SR pe R R A e
voidde PR BeHi TG sE S hakRetrrinting TR ISAHRE s RRRMHELections.
compressive based shear heating and mixing. [38] There are significant
Trdisealvaniages to corevebsisedicagpressiow invthapiesessingohnetlsical
on conventional injection molding equipment 24 and most of the
foieajuisbprentizaforede reditisasdelasshapressiohoppalyaiasiaie motlesticired
by metals, metal alloys or their composites. Therefore, one object of the

.oy , )
NRHTERIBA' Y theS PERLIRTFRNEIEPYBNT B PRPEPIBRIANAIICN BB ARHSEIgHO
tlo sC . [39] Another significant complication |n the processing for

m%}e%? ﬁs—'é ﬁm%l&al %lygaﬁrfa%réf%%o%)gggﬁ%%nﬁﬁo%ﬁ\%’% %ﬁ% |%ﬁ{ae '|<3ng1 ause

pollling equipmRN st b%H&%&éPtCB\‘MwéhﬁéP@hMaWép( frepRiQR QIR O
solid transition than is seen in most thermoplastic polymers (amorphous

apankiserwhcry stalling). doraiddivenaldong sbarpes sefidimelidsansbipmtitciont.
significantly increased thermal conductivity compared to polymers results

Thig seigicd ereiaaibidohambjesih Viseosit & Sutividicatidie bporl &podimet it
to a heat transfer driving force (a change in external temperature).

A SRR AL SR o WL 163 BIdH RAFE MR B vt the
. inh i h i h
pSMETS SR ChARgSE I DEPL R e pareaimpagonthe

temperature e me erefore, due to the muc gnher con

cdiveisally ROX:erareatesianildnedrwaichgah saReiLIYRcalN dididhe
effect of a differential temperature (driving force for heat transfer) has a
conauchivinooétpecrudidrecettieffectrorna et tiamoma pelymesubstantial. The

thermal conductivity of a typical metal alioy is at ieast 250 times the thermal
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[40] The concept of the impact of differential temperature on the viscosity
change (or solidification) of a metal is crucial in processing metals,
metallic alloys and their composites on conventional injection molding
WeLiganErss24. ignoring the density differences between plasticsasrdos/es6238
metals the combined thermal condugtivity and heat capacity difference
implies that a change in temperature (e.g. in the barrel surface) -14- can
have a 1000X greater or faster impact on the temperature change or
COUGHEHENRIATR YRR AERSis HBGIRRe g e inepmy A drererrdiiAtional
injection moldin ipment 24 is sigpificant since the reciprocating screw
e B B g el S v Bt

regm@@mgﬁow@imgﬂx:cﬂi@éﬁ@&ﬁ&%@@a} (barel) IR IRR HD &

larger the shot size the more significant the temperature change Is for any
cliteidfenateirigl i thiesgranunayes bejweandndis Ak farwardand tully

retracted positions. [41] Barrel 26 temperature control in a conventional
hafjegtiort maidingiiame enoadisreypichliedaitet witbahireewopless melting of

metering, transition and feed (or front, middle and rear, respectively).

PERGIGitiHAIY HRAHE ROTHERIR Missoritear iampehatarietstifrol Hirigkde the
t temperature control but these are not a concern in the current,
L R R A A Ry LG g
is AdIREIERIY WHIRLeXRIARALIPEALITPLSERANLIAM & SontghsiaadpR:E or
would be difficult to create a uniform temperature gradient along the screw
poléhiEien wdthpradsitorrienperature gradienicibs inveates gakition would
still be required. For explanation purposes it is helpful to assume
naeExsenably uniform barrel 26 temperature in each zone. [43] The typical
temperature difference in each zone is significant. The temperature in the

Bont’iRestiBItIFEYn R IREERSIAR iftérialfrthd AieitnoatiHe dpept when

ignificantly low to fill the mold cavity. 40 completely without freezing off.
A B Bl B R o

mbgiRfesalicheFhaiemparatidiedpitng-Hansition-7 ane s erusdiate 4o the

metering and feed zone and allows that material to start'to melt and
stroapseliflatel Fautypicaleolyimerf procaising traserisiey sigrifieanhetal is also

difference in zone temperatures. The difference is greater for high
vefgmigBratieeisofy echimaityeeailsd afemuitasmpeietsie ivove (by action

of the screw 10 turning) material that has a high strength, stiffness, hardness or is
high incompressible can result in failure of the machine 24 or its components (e.g.
motor 28, barrel 26, eic).

{36] An additional reason to use screw compression with a polymer is to meid the
partially molten or molten pellets together to create a homogenous and uniform
material. The viscosity of most plastics, even in the melt, is significant and sufficiently
high to create difficulty in homogenization without additional mechanical action. This
viscosity is very useful in injection molding. it allows pressure or force dependent
transport as a function of temperature. The significant viscosity even at or above the

melt temperature also allows the molten polymer to resist flow without an active force
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-15- significantly higher. Differences in temperature of 20-30C (-70-90F)

between zones are not uncommon. The fluidity of polymers is less

affected by this difference than the fluidity of metals is affected.
waghetinies nozzle 34 temperature is slightly lower than met&rifg 2056238

temperature to keep the melt from ogzing out of the nozzle 34. [44] In the

processing of metals, metallic alloys and their composites difficulty occurs

when the screw 10 rotates and attempts to move material K forward along

A SOraG, ST Ty R Tl A Uiy YeRe R i Ao M e e
beﬁ%@{%ﬁa\’i‘é@jf?é@%H@tﬁé'%ééﬁﬁc%r '%M%‘e"r'%%@lﬁ%da!%%%&\u nﬁ’ﬂl' b0 fne

méteiing section where aterial Is’molten the Totation of the screw 10

or98sinal cadseddrahion In the deadwane Wheie the psiietaremaingolid

there also is not a problem (there is sufficient free volume for the pellets to
deakell deaehchotipgindHoweverich fhe plansitiopraparithenserenicbd pets=on

a combination of melt and solid pellets. Since the solid metal pellets are
thetpigndicat Yiseasitnajiare fofcddedrarsibemieProavainziia ki thgymelt

instantaneously they can cause the screw 10 to bind or r%egﬂltlnre high forces

(URSFREER Gt HIVARTBR CAURIYRARS W i$ I hREFEY IRIRB RBRRM HRs T

C&F‘&Seéaqle(%lgrﬁg %ﬁ%ﬂ%%%&gﬁf&f %%&%éﬁ?efﬁ}?g‘éﬁs(ﬂﬁzﬁré%%‘ﬂ% Yon sirength

emperature o € meta produc a material that Is Very strong an

of S it Ve epdtisaPReNTHRIMAGANS A4 RRPRSRE (O AlkHagle

in advancing the material K (noise, binding, high torque). [45] Elimination
detsrreiductiomtafithef scegwifiightsc2?iinithiscegiosuis\critibal e ithine without

successful processing of metals in injection molding equipment 24. Screw
theligte! ZRGHI o BreelarcAGIEINNCE fo heaandemERidNthe faterial K

along the screw shaft 14/barrel 26 length. Elimination of the flights 22 in
hwﬂg@%@ﬁﬂe@|ﬁﬁm9é§ﬁ%srﬂ%\'amﬁ@ 294%?{]@@%60&5 QU pREFESER gth

vis%fogf@ [materiakBy 8%&%%8&%%% 0eRL Ié}gé temperature range and their melt

viscosity even at high {emperature is typically much higher than that of semi-
crystaltine polymers. The melding and homogenization of semi-crystalling polymers

- is aided by the non-linear viscosity transition above and below the crysialline melt
temperature. However, rapid solidification and viscosity increase below the
crystalline melt temperaiure can cause weld line strength problems and mold filling
issues even more difficult. n these cases the material may want 1o freeze off
{solidify) prior to homogenization (weld line} or mold cavity 40 filling.

[37] The molten or partialiy molien metal, metal alloy or metal mairix composiie
typically containg material with significantly lower viscosity than the mglten
amorphous or semi-crystalline thermoplastic polymer. The low viscosity of a molien
metal or the low viscosity phase in a semi-solid metal or viscous metal tends {0 have
a high affinity for itself and metallic suriaces. The low viscosity and high affinity tends

to displace air and create a more homogenous material than would be common in a
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solidified or solidifying material near the barrel 26 wall. Material is

advanced by flights 22 in the feed or rear section. Retraction of the screw

10 also returns some material K to cold sections of the barrel 26 where
wihewrsateriat K may rapidly start to crystallize or solidify. Elinwoatioste/¢ss23s

exclusion of the screw's 10 flights 22 4n this region eliminates almost all

the machine force on the solidifying or crystallizing material K that might

cause extremely high local forces or pressures that could cause failure of

PapEBartell2B6R fhBr A RRisERR HEh qaE YRR hapBRa leEcorREeaHraRas6R

of the middle (or transition) zone 18 screw flights 22 is demonstrated by

snead healing and mixing. . .7 . . . .
ht%e owerctiorque A& elimination of noise when processing metals, metallic

gggjon’%wé@%g}%&%@ﬁdoamggg%%wmwcmm&@ﬂ%Hmee”t
24. The steady state operation of the injection molding equipment 24 at
priveesand prassuses el within theddesign imiisahihaeavipment24 are
critical for routine, continuous and acceptable operation in the processing
thefrenetse enctnmasrtiobabirjactiop easlding pouipmeatedot (48 Refdnring
back now to Fig. 1, the preferred embodiment, all of the front (or metering

MRty MfiBlE (@t HSRIDR Tifgtiées s TasRidions B RRitsh B LIRd Neutinsyis the

ref%%%migpftgrgz harvg 1b§ren0¥gr%gyeéj_. ) L:})?ﬂl Fri . 3 shows an alternative
mbodiment 100 with MAGSIOR of front-(oF me%grﬁﬁnrﬁi‘(ﬁi%%?sWEZ that are

388Ul hRIP I iR R INEIRNEARARS TRIULE, CONETQ) ARG AL Size,In a%kyﬁfé%

processing also work equally as well. Without removal of flights 22 int
theprecharias saubne andeonsisient proeegsingiphipetalsiemeapyratipnal

reciprocating screw injection molding equipment 24 is not acceptable from
sharpeddisstsiivstandijoner a9} ncidiralyiticorikertingoonivemtional

plastics injection molding equipment 24 to process metals is accomplished

fhﬁ%@%ﬁ&&@%%ﬁ%&%%%éﬂ%ﬁﬁé&%ﬁ%@- In additional io a sharper
soﬁg%Se/Hr%%g%gr? t-!:u{eusslgzﬂq :csa{gt 3}3 %%?eased' thermal conductivity compared to

polymers results in & much more rapid change in viscosity or solidification upon
exposure o a heat transier driving force (a change in exiernal temperature).
Additionally, the heat capacity of metals is typically lower than that of polymers so
the changes in heat input have a greater impact on the temperature of the melt.
Therefore, due to the much higher conductivity (typically 25CX or greater) and the
tower heat capacity (typically 2-4X) the effect of a differential temperature {driving
force for heal transfer) has a much more pronounced effect on a metal than on a
polymer,

[40] The concept of the impact of differential temperaiure on the viscosity change
(or solidification) of & metal is crucial in processing metals, metallic alloys and their
compaosites on conventional injection molding equipment 24. ignoring the density
differences between plastics and metals the combined thermal conductivity and heat

capacity difference implies that a change in temperature (e.g. in the barrel surface)
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-17- molding screw with the screw 10 of the present invention. Further, by

controlling the temperature of the barrel 26 and rotations and plunger

speed of the screw 10, processing metals may be accomplished at
wacoEgtalslerates of production. [50] Therefore, it can be seexwtiizdzhe/o56238

present invention provides a unique gplution to the problem of processing

metals in conventional injection molding equipment by providing a

modified screw that lacks fligﬁgts in the middle portion of the screw shatft.

Cop|iAME PERPRIMEERIRE PermalEMRGS HERRHIHRIN B CIREER¥w as well.

so@?ﬁ%%éta%i‘é%%d bz%e(?f&&%@%eé’ DY those-skilied,n ine At NAEVAHOUS iocrion
changes E'll’lé1 modifications gaﬁ’be r'naaee tCP{ el US?I’B.?E emboglm nts

my¥EneU Asnacing fremidhe SRIrtatthe PrasemidanentioRwAlLSEE - vorion of

modifications and changes are intended to be within the scope of the
hepriesient myestoneXeephasulisttat:by theveppeadead eaims sid@NOAIMT IS
CLAIMED IS:
different externat (barrel) temperatures. The larger the shot size the more significant
the temperature change is for any slice of material and the screw moves between is
its fully forward and fully retracted positions.
(41] Barrel 26 temperature conirol in a conventional injection molding machine 24
is typically divided into three zones: metering, transition and feed (or front, middie
and rear, respectively). Additionally there is typically nozzle 34 temperature control
and feed throat 32 temperature conirol but these are not a concern in the current
invention.
[42] Temperature is not uniform throughout each zone (there is a gradient) bui for
explanation purposes and from a conirol standpoint it would be difficulf {0 create a
uniform temperature gradient along the screw 10. Even with a uniform temperature
gradient the invented solution would still be required. For explanation purposes it is
helpful to assume reasonably uniform barrel 26 temperature in each zone.
[43] The typical temperature difference in each zone is significant. The
temperature in the front is sufficiently high 10 keep the material in the melt at a
viscosity significantly low to fill the mold cavity 40 completely without freezing off.
The iemperature in the feed zone is typically tow enough 1o keep the peliets solid.
The temperature in the transition zone is intermediate to the metering and feed zone
and allows that material {o start to melt and consolidate. For typical polymer

processing there is a significant difference in zone temperatures. The difference is

greater for high temperature polymers mainly because the melt ternperature is
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1. A screw for processing metal, metallic alloys, and metal matrix
composites in a plastics injection molding machine, including: a shank;

a screw shaft extending from the shank, the screw shaft having a rear
WPoRisrH roXimate to the shank, a middle portion proximate tPeVEar08/ 056238
portion, and a front portion proximatgsto the middle portion; and flights

extending from the rear portion of the screw shaft for advancing metal,
metallic allg%}%i and metal matrix composites through the plastics injection

SIGRBRARGY SRS WEEHHE TTHGIERSSRIN 6f B ctedr Pt bessrgn

screw shaft configured.and, arranged to be rotated and recipracated within
zog%s are ngrl gnpqogﬁnondﬁe(}iutoﬂ? %ﬁﬁ&ymerﬁfs%ss s?f?ec:{ggcllcg)y 971;% &ﬂer nee

arrél o astics injection niolding ‘machine, said middle’portion of said

thSHRW RRG ReineRIOXImAteda BHARGHIED 7955.0fSaith piasiics Wiseliap

molding wherein said metal, metallic alloys and metal matrix composites
ioate heated toiforeesempsalicrsha kewitiha fiettiatingovisgasityivherely e

the absence of flights on said middle portion of said shrew shaft allow said
34screw shaft to be rotated and reciprocated within the barrel of said plastics

injection molding machine without binding with said semi-solid slurry when

[“&hid fluBRRIGHEE0S i) TetigR e B Rl Qs AGIN Bl sATP faiR e Bing:
oS o R A 0 S0 RS e
screw shaft 14 length. The difficulty occurs typically in the fransition region where the
malerial K is pariially molien and partially solid. In the metering section where the
material is molten the retation of the screw 10 does not cause a prablem. In the feed
zone where the pellets remain solid there also is not a problem (there is sufiicient
free volume for the pelleis {0 exclude each other). However, in the transition zone
the screw 10 acts on a combination of melt and solid pellets. Since the solid metal
pellets are strong and hard, they are forced to the barrel 26 wall and unless they melt
instantaneously they can cause the screw 10 {0 bind or require high forces 0 move
or break up. Additionally it is in this region where molten metal is most likaly to
experience rapid crystal formation (near the transition iemperature of the metal) and
produce a maierial that is very strong and difficult to move. When this happens that
machine 24 appears to struggle in advancing the material K (ncise, binding, high
torque).

[451 Elimination or reduction of the screw flights 22 in this region is critical to the
successiul processing of metals in injection molding equipment 24. Screw flights 22
in this area are not critical to advancement of the material K along the screw shaft
id/harrel 26 length. Elimination of the flighis 22 in this region eliminates the machine

24 struggling to overcome the strength of the material by attempting 1o shear
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3. The screw of claim 1, wherein said flights have a 1:1 compression ratio.

19 4. The screw of claim 2, wherein said flights on said front portion and

said rear portion of said screw shaft have a 1:1 compression ratio. 5. The
wscrew abkstaim 1, wherein said flights have less than a 1:1 ceaprassienss2is

ratio. 6. The screw of claim 2, whe_r%rj said flights on said front portion

and said

solidified or solidifying material near the barrel 26 wall. Material is advanced by
flighis 22 in the feed or rear section. Reiraction of the screw 10 also relurmns some
maierial K {o cold seciions of the barrei 26 where the material K may rapidly start to
crystallize or solidify. Elimination or exclusion of the screw’s 10 flights 22 in this
region eliminates almost all the machine force on the solidifying or crystallizing
material K that might cause exiremely high local forces or pressures that could
cause failure of the barrel 26 or other componenis.

[46] The importance of the elimination of the middie (or fransition) zone 18 screw
flights 22 is demonstrated by the lower torgue and elimination of noise when
processing metals, metallic alloys and their composites in conventional injection
molding eqguipment 24. The steady state operation of the injection molding
equipment 24 at forces and pressures well within the design limits of the equipment
24 are critical for routine, continuous and accepiable cperation in the processing of
metals on conventional injection molding equipment 24.

[47] Referring back now to Fig. 1, the preferred embodiment, all of the front (or
metering and) middle (or transition) fiights 22 as well as a portion of the rear (or feed)
flights 22 have been removed.

[481 Fig. 3 shows an alternative embodiment 100 with inclusion of front (or
metering) flights 22 that are usually helpiul in maintaining temperature control and
shot size in polymer processing aiso work equally as well, Without removal of flights
22 in the correct areas routine and consistent processing of metals on conventional
reciprocating screw injection molding equipment 24 is not acceptabie from a
production standpoint,

[49] Accordingly, converting conventional plastics injection molding equipment 24

to process metals is accomplished by replacing a conventional plastics injection
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rear portion of said screw shaft have less than a 1:1 compression ratio. 7.

A plastics injection molding machine configured for processing metal,
metallic alloys, and metal matrix composites in a plastics injection molding
woaohbsnezipcluding: a temperature-controlled barrel havingra:meietings

zone, transition zone and feed zone; ., a feed throat configured for
dispensing material for molding into 1he feed zone of the barrel; a nozzle
extending from the metering zone of the barrel; a screw having: a shank;
moiding screw with the screw 10 of the present invention. Further, by coniroliing the
termperature of the barrel 26 and rotations and plunger speed of the screw 10,
processing metals may be accomplished at acceptable rates of production.
[50]  Therefore, it can be seen that the present invention provides a unique solution
fo the problem of processing metals in conventional injection molding equipment by
providing a modified screw that lacks fiights in the middle poriion of the screw shaft.
Hights may further be removed from the front portion of the screw as well.
51} It wouid be appreciated by those skilled in the art that various changes and
modifications can be made 1o the illustrated embodiments without departing from the

spirit of the present invention. All such modifications and changes are intended o be

within the scope of the present invention except as limited by the appended claims.
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a screw shaft extending from the shank, the screw shaft having a rear

portion proximate to the shank, a middle portion proximate the rear

portion, and a front portion proximate the middle portion; flights

extending from the rear portion of thggscrew shaft for advancing metal,

metallic alloys, and metal matrix composites through the barrel of the 20

plastics injection molding machine into the middle portion of the screw

shaft and the transition zone of the barrel; and a motor driving the shank

eW; id screw shaft configured and arranged to be rotated

Wﬁ%ﬁhfg%#&mgéa \ff%'hin the barrel of the plastics injection molding

machine, said middle portion of said screw shaft being proximate to the

transjtion zone of said plastics injection molding wherein said metal, ]
T met iCHIRYs BHd RIBETFREWIX %@jﬁ%oﬁ'@%aék@ HelREd iimgetal  matrix
cospoiiselidsiupipavits fhictmiingvstegivavparebytheahgence of flights

on said middle portion of said screw shaft allow said screw shaft to be

rotafed reciprocated within the barrel of said plastics injection molding

machiserauthengfbiadingaivith fseid semsisehd, ek whansiaied Mictivatindear

par\ﬂggog!rt xlf?ngli%htc the shank, a middle portion proximate the rear portion,

and a front portion proximate to the middie portion; and

flights extending from the rear portion of the screw shaft for advancing
metal, metallic alloys, and metal matrix composites through the plastics
injection molding machine into the middle portion of the screw shaft;

said screw shaft configured and amanged to be rotated and
reciprocated within a barrel of a plastics injection molding machine, said
middle portion of said screw shaft being proximate to a transition zone of said
plastics injection molding wherein said metal, metallic alloys and metal matrix
composites are heated to form a semi-solid slurry with a fluctuating viscosity
whereby the absence of flights on said middle portion of said shrew shaft
allow said screw shaft to be rotated and reciprocated within the barrel of said
plastics injection molding machine without binding with said semi-solid slurry

when said fluctuating viscosity is high.

2. The screw of claim 1, further including:
flights extending from the front portion of the screw shaft for advancing

material through the injection molding machine.

3. The screw of claim 1, wherein said flights have a 1:1 compression

ratio.



8. The plastics injection molding machine of claim 7, further includin_g:
flights extending form the front portion of the screw shaft for gdvgncm_g
material through the injection molding machine. 9. The plastics |nJectlpn
molding machine of claim 7, wherein said flights have a 1:1 compression
ratio. 10. The plastics injection molding machine of cl_alm 8, wherein said
flights on said front portion and said t&ar portion of said screw shc_e\ft have
a 1:1 compression ratio. 11. The plastics injection molding machine of

claim 7, wherein said flights have less than a 1:1 compression rgtio, ‘
The screw of claim 2, wherein said flights on said front portion and said

rear portion of said screw shaft have a 1:1 compression ratio.

5. The screw of claim 1, wherein said flights have less than a 1:1

compression ratio.

8. The screw of claim 2, wherein said flights on said front portion and said

rear portion of said screw shaft have less than a 11 compression ratio.

7. A plastics injection molding machine configured for processing metal,
metallic alloys, and metal matrix composites in a plastics injection molding
machine, including:
a temperature-controlled barrel having a metering zone, {ransition zone
and feed zone;
a feed throat configured for dispensing material for molding into the
feed zone of the barrel;
a nozzle extending from the metering zone of the barrel;
a screw having:
a shank;
a screw shaft extending from the shank, the screw shaft having
a rear portion proximate to the shank, a middie portion proximate the rear
portion, and a front portion proximate the middle portion;
flights extending from the rear portion of the screw shaft for
advancing metal, metallic alloys, and metal matrix composites through the

barrel of the



21 12. The plastics injection molding machine of claim 8, wherein said
flights on said front portion and said rear portion of said screw shaft have
less than a 1:1 compression ratio. 13. A method of processing metal, .
metallic alloys, and metal matrix composites in a plastics injection molding
machine, including the steps of providing a plastics injectl_on molding
machine having a screw; removing thé screw; replacing th(_a screw
with a replacement screw configured and arranged for processing metals,
tallic alloys, and metal matrix composites; processing metal,

pl‘?’%ﬁ%lﬁ@!&ﬁé@ dnaliegarmastine dip dsres ity salacreiviibadscrew shaft

and@ebinensition zone of the barrel: and

a motor driving the shank of the screw;

said screw shaft configured and arranged to be rotated and
reciprocated within the barrel of the plastics injection molding machine, said
middle portion of said screw shaft being proximate fo the transition zone of
said plastics injection moiding wherein said metal, metallic alloys and metal
matrix composites are heated to form a semi-solid slurry with fluctuating
viscosity whereby the absence of flights on said middie portion of said screw
shaft allow said screw shaft to be rotated and reciprocated within the barrel of
said plastics injection molding machine without binding with said semi-solid

slurry when said fluctuating viscosity is high.

8. The plastics injection molding machine of claim 7, further including:
flights extending form the front portion of the screw shafi for advancing

material through the injection molding machine.

9. The plastics injection molding machine of claim 7, wherein said flights

have a 1:1 compression ratio.

10.  The plastics injection molding machine of claim 8, wherein said flights
on said front portion and said rear portion of said screw shaft have a 11

compression ratio.

11. The plastics injection molding machine of claim 7. wherein said flights

have less than a 1:1 compression ratio,



14. The method of claim 13, wherein the replacement screw further
includes: a shank, a screw shaft extending from the shank, the screw
shaft having a rear portion proximate to the shank, a middle portion
proximate the rear portion, and a fropj portion proximate the middle
portion, flights extending from the rear portion of the screw s_haf_t for
advancing material through the plastics injections molding machine into

12the mididligiponienigetiR ARG nathine of claim 8, wherein said flights
on said front portion and said rear portion of said screw shaft have less than a

1:1 compression ratio.

13. A method of processing metal, metallic alloys, and metal matrix
composites in a plastics injection molding machine, including the steps of:
providing a plastics injection molding machine having a screw:
removing the screw;
replacing the screw with a replacement screw configured and arranged
for processing metals, metallic alloys, and metal matrix composites;
processing metal, metallic alloys and metal matrix composites using

said screw and machine.

14. The method of claim 13, wherein the replacement screw further
includes:

a shank,

a screw shaft extending from the shank, the screw shaft having a rear
portion proximate to the shank, a middie portion proximate the rear portion,
and a front portion proximate the middle portion,

flights extending from the rear portion of the screw shaft for advancing
material through the plastics injections molding machine into the middle

portion of the screw shaft.



15. The method of claim 14, wherein the replacement screw further
includes: flights extending from the front portion of the screw shaft for
advancing material through the injection molding machine. 16. The
method of claim 14, wherein said flights have a 1:1 compression ratio. 17.
The method of claim 15, wherein said flights have a 1 compression ratio.
18. The method of claim 14, whereirg gaid flights have less than a 1:1
compression ratio. 19. The method of claim 15, wherein said flights have
less_than a 1:1 compression ratio. 20. A method of modifying a screw for

15 an injB&idASHENGING midakihe | daid s &in nivin g abspesikeiith scsevewurther

incalgdisextending therefore, the screw shaft having a rear portion proximate
to the shank, a middle portion proximate the rear portion, and a front

porti 'ﬁkﬁﬁbﬁwggﬁ%fﬁgﬁ%@@%@ﬂm%ﬁ@ﬂi@ﬁ@%ﬁ@@’?@’?ﬁma@@@ﬁiﬂg
mzbAH! foradyRnRB tBeiRn MelRlligalihiaed metal matrix composites

through the plastics injections molding machine, said method including the
step of:
16. The method of claim 14, wherein said flights have a 1:1 compression

ratio.

17. The method of claim 15, wherein said flights have a 1:1 comprassion

ratio.

18.  The method of claim 14, wherein said flights have less than a 1:1

compression ratio.

19.  The method of claim 15, wherein said flights have less than a 1:1

compression ratio.

20. A methad of modifying a screw for an injection molding machine, said
screw having a shank with a screw shaft extending therefore, the screw shaft
having a rear portion proximate to the shank, a middle portion proximate the
rear portion, and a front portion proximate the middle portion, and flights
extending from the screw shaft for advancing metal, metallic alloys, and metal
matrix composites through the plastics injections molding machine, said
method including the step of:

removing the flights from the middle portion of the screw shaft.

21.  The method of claim 20, further including the step of:

removing the flights from the front portion of the screw shaft.



removing the flights from the middle portion of the screw shaft. 21. The
method of claim 20, further including the step of: removing the flights from
the front portion of the screw shaft. 23 22. The method of claim 20, further
including the step of: selecting a screw having flights with a 1:1
compression ratio. 23. The method of claim 20, further including the step
of: selecting a screw having flights with a less than 1:1 compression ratio.

22, The method of claim 20, further including the step of:

selecting a screw having flights with & 1:1 compression ratio.

23.  The method of claim 20, further including the step of:

selecting a screw having flights with a less than 1:1 compression ratio.



