SCREW DESI GN AND METHOD FOR METAL | NJECTI ON MOLDI NG
BACKGROUND OF THE I NVENTION [01] 1. Field of the

wo pwentaseh [ 02] The present invention rel at es PENESRNS/§56238
to injection nolding and nore specifically to a screw
design for an injection nnlalng machi ne configured for
use wWith processing netals and nethod of configuring

an seR@vamlMDw@ﬁqurmmﬂEﬂﬁ@mEdm@wmeﬁ@mg
metals. [03] 2. Background of the Related Art [04]

Processing netals into 3-di nensional net shapes via
conventional reciprocating screw injection nolding

equi pnent used A%%(?h@?fN[?@)FhﬂﬁEW@NﬂdJ@ng ti me goal

of many researc orts. I'njection nolding is a |low

[01Eos1t pr q_q?a%k ﬁﬁdh\?&n' hque to produce conplex parts but

as been e nolding of plastics for a

[02 ﬁ;‘tﬁ% ;%fregént | Bﬁ Telgtgzg gtex rllﬁoc} ﬁﬁ*e%ﬂor? m&icﬁrﬁige{d h?d'rege

based of Tnje

d t iff e
sofffcefi 1 gsore wecie% 4t %ﬁwé%cg%ﬁw@owinacﬁis 8@%&1”@%
ecti.on n CONMEr Ci
Wﬂéﬁ@fﬁﬂﬁ%ﬂ aie end PR B or Bl B risn HEcibE AdtoeR or
h i na al one algve averaged around 50, 000 units/year
US? ‘HF PHRSEPYRY MeNSyears. | nJ ectl on nol di ng equi pnent
as_a fi eI|fe|rrebut is a mninmumof 10 years
[03End2 nan)Bna&g%rﬁ’PH%Q g'ﬁepr‘%{?t@df/'}ﬂ 20 years or greater
especially if the are operly mai ntaj ned and/ or
[04ﬂ1pd°r398%%ﬁ"{€bm§ta'%l ?ﬂ&ﬂ ”a' pe@qha@sﬁ éﬂasc%r\@”%ér ally
accepted as not processable in conventional injection
recrﬁs%ﬁtlﬁg SSER BiRsHen Malding eauiPBeNbYERst PEPIgpisdsihagn a long
~ There are two main reasons. First, netal and their
timg|goglef aaniesaRicBicdorts.nnieckan m@@mg ig1a lpw(QoREprecessing
exceptions)
technique to produce complex parts but has been limited to the molding of plastics
for a variety of reasons.
[05] Thereis an extremely large installed based of injection molding equipment
worldwide. It is difficult to 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 the 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
greater 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 interest generally (there are exceptions)

have melting temperatures that are significantly above the maximum temperature
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have nelting tenperatures that are significantly above

t he maxi num tenperature CO001 -CP POl 467- PCTcapability
wo@tooshessnj ority of injection noldi ng machi nesPCT/US2008/056238

(typically 4000z-SOO OF). This tenperature is

sufficient for all or alnpbsf all organic polyners

since they all tend to start to degrade (e.g. oxidize,

capS‘eﬁU’Iﬁ’PBﬂ tﬁé,mé[?i &P RRRYoAInd| A RRhHES HyBRANPAIOS Afo0-F),

The second issue is pressure. At ough
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very [ow viscosity, they crystal rze so'rapidly t
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or mat nj ection ol ’'ng equi p e ot her

406‘%”#’8 gyffer_s (anor phous pol yners and
crystalline polyners to a | esser extent) are
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never .drops to an extrenel ow_va e T

ovfyEp 11 REShelfef vl orfEghn e o Bafbouinmant,op dre

0 The re uirement for a nmate toh

otrpg perad BEIVGTETAEE EunS P ety &b e B ingri o2
characteristic for Cfce35| rbgp%cﬁl L t% i n conventional

'eS?%wnthemcgvﬁ@aé&ﬁ%wgﬁ@ i tYd@F?é‘ﬁé?errﬁ%?

these criteria. %eneral have a nuch

re'%ﬂ?@ﬁb'@r”ﬂ?@?%?’tflo(%c% b@l ﬁ%ﬁ“io %W@rﬁj’”ﬂ%”ﬁﬂon of F@F@erawe and
exceptions in including sem-solid nmetals (sem nolt

prageyrgl b’n%ﬁe @Oﬁte’ﬁﬁt@fsatlﬁﬁ%g"w@ BPYEGTabever §rensdpan qwenmslow
and solidus tenperatures) and anorphous netal alloys

value &.ghagler-ike) shpb Hat itoypuldhae difiquiirtesoalroldel ays cryst al
formation. [09] As a result, the generally excepted

[08fret Trsdrefipirepenidaca ﬁgat@iaﬂrtm’ea\@ afiaite i9ece eiaywavhielrit will not
fromnetals is die casting. In die casting the process

move ig@t mparE@nt shatetterisitedoeprocesdinguliltun coanpriraalingEcton
the nolten netal is poured by gravity or

molding equipment. Polymers 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] Asaresult, 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 molten metal is poured by gravity or
pressure assisted 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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pressure assisted to fill a cavity. D e casting and

pressure assisted die casting are accepted processing
woreiokossand there are a | arge nunber of di e cBSI/USIP08/056238

facilities and equi prent worl dwi de. There are sone

di sadvant ages to die casting based CO01 -CP P01

467-PCTprimarily on the uncontrolled flow of the

pnrﬁﬁﬁl? londhe ‘ﬁﬁbdrﬁrcflédi hbWSf tr’réemgev.brwhneTﬂmngl fheleaQty. The lack of
rheol ogi cal control on | ow (wat er ke vi'scosity)

rheoRigR@l BOMEDI bhlthd fidy [Watkr like ViSSRItY) &R Imol@tifliRg HRAKS €S

voids or defects, creates undesi rabI e surface finish

inc?ﬁ%&%ﬁ oftéﬁ‘@aus%%%?d%acﬂ fefsthd %Péa@e@bﬁ@éé?rbelﬁ%ﬁfﬁeﬁhﬁr%

ri nkage) her approach is to vvor
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ces I ower shrin a e because o jon O

terqﬂeze%esg%hgﬂf%ﬁ egl\é/ (f'vg rr%i%rﬁgcﬁgﬁ‘ -Erﬁlﬁréer?l&f/%%zo |IH%%f fﬁ%es%n%i-%olid
ISP B SebieET TR e R pR BEERS checidiols e3P sglstieo.
ThiBappfoag Su%gs‘f’ iﬂjhe?‘ﬁ'l r\%”p{/%-g ag%géﬁ%%u&s SO BT e

environnent to re

inj n ng 6t‘ fir ; oces LSTRE at o wbacks of either
R MARYNO PICRBHER BN P‘P&P% he Qe

eratures but uses force and therefore very robust
of t&ﬁgge@@ers&as. IS &tp RAIRPHY A | copgesGiakepiRMeHeD reac;ﬂsang usually
solidification or crystal growh. Thixonolded parts
mvalrv% alfwf@é)‘rélﬁ%ﬁn\ﬁ@@@e@i @n"eﬁpfé Hist prgg%e&{gg}peratures required.
requi renments, surface finish repair, flash renoval.
Thlm@pléimr@qure%swgwhatrI@arentemqmtweﬁ@rwt ysesrfotageand therefore,
handl i ng and reprocessing of scrap, runners, etc. |
very @pbyst ahdl speciglined equipmeit, tnsverioasethasarid Isolddifmtipe o grystal
often referred to as nmetal injection nolding (MM or
gropaivdigrixanmpleed pants aled i aener@ihdve signifidantsecasdary rpguifapnents,
or green part is injection nolded at conventi onal
surfaegmist repais, flash ngmpealdErerd anetlab sigaifidaainrequigementts on the
pol yneric binder. The binder is renoved and the part
handiingiantieegdcedsing of scrap, runners, etc.

[10] A third route to near net shape metallic parts is often referred to as metal
injection molding (MIM) or powder injection molding (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 to 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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hi gh tenperature in a reducing environment to generate

the part. A large volune reduction (shrinkage) is
waz®eaiated with the sintering step. A fourth POUUS2008056238

machi ni ng of the part from I4arger shapes or ingots to

generate the desired di nensions. Additional nethods

(e.g. forging) can create sone 3-di nensi onal shape but
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The four processes described are al
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signiticant cost or other drawbacks ltTmt w der

corHHelrdlé%lg@ﬂg;aﬁe 5u|§ Tbesdegtﬁ|nf ?&?ﬂ%ﬁre |f rtneYéi’ ‘él'l(%shﬁere

certalnl esira et a S were processabl e

prdc@és%b?é s '&fr@&ﬁ%éna”ﬁét %ﬁ@%aﬁ@%&?g#ﬁ tﬁ)ﬂgylﬁ{é%h@rpmolding

ection no equi pnent ore
catol ﬁg within the industry for a nethod of processing
IS in i njection nolding equi pnent. SUMVARY OF THE

s [
(1201 Eig Checn o 4 R dBbin RS B RA LG B go R BiiceSPpo
rew shaft that can be used to process
me?%?g]lgjecﬁo%ﬁof YRR HoI di ng machi ne. The screw has
a shank with a screw shaft extending therefrom The
screw shaft includes a front, mddle and rear

portions. The scre ft so jnhcl a number of
flights used to éHW@ﬂ%l%F‘EdW&Nﬂ@E‘h the injecti on
rroldinrgn machine. In the preferred enbodi nent, flight
[13bn TheeMegifigd,selient for arin iogmg)d mam@mw%m pro 'ems of
section of the screw shaft. In an alternative
thedatios artrigyrroviging Fhteyv ﬂwt tﬂﬁ”s‘@fb@ H$RY lgdrsecess melalstin gAt
portion of the screw shaft. [14] In |ieu of

injepliAn MAding Mmeghwenéle §@ﬁé’v¢ﬂast&1@”3f%dﬂ“fh ECrewrshafiexianging

present may
therefrom. The screw shaift includes a front, middle and rear portions. The screw

shaft also includes a number of flights used to 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 alternative 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 middle and/or front portions of the screw shaft.

[15] The screw may be used in conventional injection molding machines,

traditionally used to process plastics, in order to process metals.
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be made from a conventional plastics injection nolding
screw by selectively renoving the flights in the
wore@dhesshnd/ or front portions of the screw shab€T/up20085956238
The screw may be used in cogventi onal injection
mol di ng nmachines, traditionally used to process
pl astics, in order to process netals. C001 -CP PO1
467- PCTBRI EF DESCRI PTI ON OF THE DRAW NGS [ 16] These
and ot her features, aspects, and advantages of the
present i nvepRiEnpEddRIPERATOPPHEGRAMRNGESt 00d Wi th
reference to the foll ow ng description, appended
[1 6?'831' HE&e a@ﬂ%tﬁ&qgéﬁﬁ%y 'ag‘ébc‘#é %%%a%ﬁ%@of tﬁwg Jpz%se':n't Bertion

plan view of the preferred enbodi nment o e screw

Wi”g%r%itoﬁ% (itel Uﬁd&gt%t%? Witk rlﬁfé‘?é"rli%e Bithé toliBlving cﬂsrg,f:r?%ioz A ?P%ended

Cross-section view of a convention

C'a@%%ﬁaia‘w?fﬁg%r%{ifﬁ?édmﬁﬁﬂﬁhér@?or porating the preferred

I IMen scr deSrgn of the present

07 Ve L Rt whlar et duBadielf GtoR 5ol dssian of the

resent .invention. DETAI LED DESCRI PTI ON OF THE
pre%ﬁﬁ#%ﬁnEl\/BwI MENT [20] Referring nowto Fig.1l ,

16 s B Pl eEreeelogaics s GEHBhLenaT paslS R dwicing
maghBE Sescembraliad e FAS PHEH BBl G ioT o R PaB0E of ftasent

. rear 20 portions. The screw shaft 14 also includes a
INVRRler of flights 22 used to advance material through
the_injection nolding machine. In the preferred
[19% g #rtsrﬂ plan vigyhelsarpaitespativeeeraeqdimeriithe serew,desien of the
only through the rear section 20 of the screw shaft
preggnt INYeriiANal t er nat i ve enbodi nent 100, best seen in
Fig. 3, flights 22 nay al so be

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[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 front 16, middle 18 and rear
20 portions. The screw shaft 14 also includes a number of flights 22 used to advance
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 the front portion 16 of the screw shaft 14. However, it is imperative that
the flights 22 be eliminated (or not included) in the middle portion 18 of the screw

shaft 14.
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i ncluded on the front portion 16 of the screw shaft

14. However, it is inperative that the flights 22 be
we@bdositreas®d (or not included) in the m ddl e popPCT/U82008056238

of the screw shaft 14. C001_.-CP POl 467- PCT[ 21]

Referring nowto Fig. 2, a Blastics i nj ection nolding

machi ne configured with the screw 10 of the present

[21q nVﬁé‘fbfr% kv ﬁmgﬂz @ﬁ@%t@lsl.r)/eatonaﬂoldﬂ@&naénnﬁ@&érﬁ@ured with
di ng machi ne 24 includes "a barrel section 26 that

thel s%ré\/@%ré'f We%rlééé’rﬁ%)e‘ﬁh@n k@r%%nﬁéﬁgﬁanyfa%% , ThE r’ﬁ[)é?nbh Ridbiding

and netering, which wll be fu r descri bed

ma?:_HuﬁeszW @c‘!}bﬁl& & Batrr ts%(:f?(?n ?g%a?ks%g éldp'e égﬁnmwe%l 2dh%s

mot or 2 er|a Kis Into zone of the

feeBa{réﬁéltl& ﬁwﬁgfég@g g{yﬁﬁeﬂ? RA be?RJ llﬂ@gg@s{r@sg bblohP %e %ﬁrevﬁ 0is

the neteri ng zon the arre nozzl e

rotétgﬁtanbihﬁ]%ga% h%doér%bggﬁg%&opégﬁ\jit%ﬁarlhe 189 nﬁoﬁé %ﬁégone

cavi sSprue s rue
of @glb%ﬁréﬁ%é fhgwﬁ% gﬁﬁpéq? é'sob fe%a éﬁﬁ%é{a%%%tit&? iﬂ'&?enw&zzzolng of
tnel i%%'%%vto%%'%ﬁ%?ﬁ%‘&éﬁieﬁf%&%ﬁ#&fr”%ﬁ?%éﬁéﬁvé‘g’aaﬂ%ow 38
h [ : :
with Bihiie Sevid REeSURige The et el FRE SRy ieraindui
corﬁ'{gggegjg\&lo n@remd]luoglﬁlgg%fng%rem&%rﬁg né%n@%?ﬁ} fg%t@ teﬁrg plly controlled
thrg@ ecti on nol di ng equi pmrent woul d not be expected to

hdpade®#4pr ocess al | met al s and their alloys based
a tenperature limt (e. gh tenperature steels,

[22&3t cThe sqiewd 0iQf péeseah@ée@tfonc%wﬁléracw@m@n%@f@e@ts ang their
all oys and their conposites that woul d be anti ci pated

allays %ﬁﬁ@mﬂ%ﬁe%iod%ﬁj@pc%ﬁﬁeﬂlllﬂty Jdimeneipnaloigt ghaee parts using the
processed using the installed worl dw de base of

conuvenendl gnectiondneigingegHiphEny intgrx fPhineerraeasaingss piastics.
(i.e. tenperature capacity, nmechanical capacity,

Althouhoxinygntgnal inisction stolding ehuipmebiewould met lsé grpddterchiotbe able
limtations for processing netals, netal

to process all metals and their alloys based on a temperature limit (e.g. high

temperature steels, 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 injection molding machinery.

[23] Three main issues (i.e. temperature capacity, mechanical capacity, viscosity

characteristics) have been the significant limitations for processing metals, metal

alloys, and their composites in conventional 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 low viscosities above their solidus temperature and particularly

above their liquidus temperature. It is difficult to control the flow of a very low
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all oys, and their conposites in conventional nolding
equi pnent. They are 1) viscosity control, 2) machine

wao esopriratur e and 3) machi ne nechanics. [ 24] Vi BCDER1098/056238
consi derations are based on7t he characteristic that
nost netals and alloys have'very | ow viscosities above
their solidus tenperature and particularly above their

ws!:éé?ty'fldléﬁntﬂﬁ’é%ﬁé’c%ﬁ FidIdihd pio‘éegé bbthaHlou %T%ém[gcﬁ@r'\ de&@ss and
| ow of a very |low C001 -CP POl 467-PCTvi scosity fluid

in th@_fﬁllh?lo'f ﬂie%&lb%vﬁ?'d?b@l%rpéfoacﬁéﬁ vB@BQtyﬁﬁélPWﬂlﬁ‘ ptatéﬁc flow as a

I njection process and 1n the filling of the nol

fun?ﬁ%%&ﬁggm%fﬁuﬂe%d?és dif g bﬁBQ@H&MIgQ%E Wi th pI astic

ncti1on o tenperature addressed in the

[25{[’ r eT"Hé)é’?cbgﬁg ?’%u%i% femegétégde?ﬂ{f@ nn%ﬁg%gfg!@%ﬁs bd ﬂ“\elll’ alloys

enpera

ha\;ba%gltﬁ%erta ?5@5\%%% s?awaéfd rtaﬂge %? 8 %ﬁorgﬁﬁr}ﬁ?ctgk m?ldlng

conve Ona I Nj ect’i on ol
eqté@@%ﬁh@%&ﬁ"@ 339??%’3 5 160" 9‘850‘%0{‘9 %@E@ﬁ%%ﬁa%'%?%%
acQEhfbdires HHTRF Ahi el ﬁﬁ%&“ﬁnﬁamér a0 EhobEied Snave
40@%?" G%ﬁb AR AR %Stérﬁﬁﬁlﬁé:"}@rﬁ{pﬁbﬁdm&?@%ﬁms%tﬂ@

do to the | ?k of need d the additi onal expens %hat
typigLiiagop &val Wé-‘@”iraerg@ PW%)HBP MQAe cABPEEAL Stf}?éS@ F dan
reasonably sinple nodifications that woul d al| ow nost

th'%Ya“t'%'”B?t'léﬂ‘aH} ejlagkeRitnesH andites agdienal Sﬁl%?ﬂsettaafd%@f'%é
at substantially hi 9her tenperatures (up
recpiseeiq go h@i@ﬁh}ﬁ\l%ﬁthq utherReare rﬁagoqaiplyo%mpm;mgg@@@pogﬁahat
this is sinply acconplished by using heater bands that
woighad oy rperd of thengiandard iniection Melging rearipmant fooraradatput .
Machi ne construction is usually specific steel grades
sulstentiahn highgquiemperatgrest (eppe b 4t W el 2395 [T dxemp{al singul jeat has
wel | exceeding the range that is interesting in this
to ok wcteased and this isupmply eB8T6CplisheBFusing adradert barde that have
nmel ting point of pure alum nun). O her machi ne
higbemntehgberattiiccarsl hifloer rated power output. Machine construction is usually
specific steel grades that have quite high temperature capability (usually well
exceeding the range that is interesting in this disclosure i.e. up to 675°C/~1250°F or
about the melting point of pure aluminum). Other machine considerations, for
example, seals and auxiliary components that are exposed to higher temperatures
than normal due to the high melt process temperatures also have to be considered,
replaced more frequently, or substituted with higher temperature materials of
construction. Nonetheless, there are little or few obstructions to running the
conventional injection molding equipment at substantially 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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exanpl e, seals and auxiliary conponents that are

exposed to higher tenperatures than normal due to the
whe@k/1msF3 process tenperatures al so have to bECT/US2008/056238

consi dered, replaced nore fgequently, or substituted

wi t h higher tenperature nmat&rials of construction.

Nonet hel ess, there are little or few obstructions to

thefr By NEnd ﬂ%w%ﬁ%@ﬁé@ﬂ@onbé\ht%ﬁl iRfRci® ﬁ'io%ﬁ@q{h@ﬂ@ﬁ‘lt have

at substantially higher tenperatures [26] The third

no@é&n'@:%&eés’fﬁ? OIE hadtestRES Inds‘?gﬁrﬂﬁéa‘?ﬁ uh§céeBFabT@9§\r@ﬁ% feluding

capaC| ty of the conventional I nj ection nol di ng
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ons an el r conposites in
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successf ul esul I'n S|gn I cant

str%@@&ﬁ?&h@%&aﬁ%?%I?dlf&/mg %hlng Cé'rzsgtg ﬂrrﬁgﬁc{n‘f qﬁ?@ﬁme

spra

m‘@' tgﬂ% ?@* ﬁa'?§P8<?§&r§¥‘fﬁoﬁ‘t FaRafd Bﬁ%ﬁ%t‘: e@ﬁ%?%acw to

oG rT Al AR e R gy e i A g ey fa
1y d h ff

irs] B G CSHEEDAl ot rongt h, stifness and hardnese.

ertles and therefore the ail first (e.g. cracked
27har R6P9A STaRHoR" G350 S RUFHSPEANSTS BHegTIes s hebhdurs
t hese phenonena is what occurs in what is called the
whahis 8 Wﬁﬁalxgme@wsorpe¢ssrfﬁ@ﬂ1@gﬂ%ﬁwra|a"ey/% In this spfcialized
speci al i zed equi pnent the machine is hig ¥ oversi zed
equd @WS@U@G niachinenis ighloevarsizeg é@PP@fﬁdﬁ%PQ” '@@%Il”ﬁiﬁ@mn
of simlar tonnage (i.e. clanping force).
motd«mmmeﬁtgofmm r@Nagy a@p&%ﬁplﬂ@ f%ée)'sﬂpwlxﬁﬁ@&mg maahine
the size of a conventional injection nolding nmachi ne
mayjaphed 1aidey0% laxai thgn thsr gze ei arporyveditiendl injgeiion rneldinge
addi tional torque and strength of nachi ne design
mackigaiwibcsimiarmiaoeisg farhe simgndye impatt fodpe adidigional torque and
t hi xonol di ng machine i s designed to mechanically break
strenptth obmaalkine desigh nequired to process the magnesium alloy. The

thixomolding machine is designed to mechanically break up / break down the
crystallites/crystals (dendritic) that are formed in the magnesium alloys (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. For this reason 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
tooling 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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[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 their function. These are
the feeding, transition and metering sections.

[31] The feeding section (typically about 50% of the length) is meant to transport
solid pellets material K to the transition section, heat them to a temperature below
melting/fusing, and compress them to a more densely packed structure (i.e. exclude
the air and space between pellets). The transition zone is intended to melt the
pellets/material K through mechanical shear and conductive heating from the barrel

26 wall as well as further exclude air and densify the melt to its theoretical value. The
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of the polyner/plastic. [30] There is a tenperature
profile along the screw (along the barrel 26) in the
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desi gn advant ageous for the processing of netals,
rat'ﬁéfesalfi@t Sepiy/dnetgrieg Highbgeniat Pl RogbppyEpseandgginforced
conventional reciprocating screw injection nolding
Pol¥RErsApBRICS i$ 8411053k bfldtegonmpresrdors @tievs tygicelly gkatio Qfglnear
that have a 1: 1 conpression ratio or conceivably |ess
depthfat ganalsQ, ashipraeseiise Mararceuratplyibedepriesedirf@sde@tio of
conpression ratio (feed flight depth / metering flight
voldegs Kgffacive nelsmegeliy hetmeeadkphtinine naiering and feeding sections.
pol yners/plastics is 2:1 to 3:1 . The conpression
The ataimpurposy pf eahpression atong tid strieweldr is die peherbigt the amechanical
al so, and in a sense nore accurately, be represented
forees (@hear) that GElp melt and blend and mix the polymer pellets. In plastic

injection molding, shear energy accounts for approximately half of the heat input to
the polymer (the other half is through conduction from the heated barrel). Because
polymers are typically poor conductors of thermal energy (e.g. thermal conductivity
approximately 0.2 W/mK) conductive heating from the barrel is reasonably inefficient.
The screw 10 constantly brings fresh material K to the wall of the barrel 26 to heat it
and subsequent wipes it to combine it with the rest of the cooler material K yet the
inherent low thermal conductivity still limits the efficiency of barrel 26 heating.
Conversely, with metals, metallic alloys and metal matrix composites the thermal
conductivity of the solid and the thermal conductivity of the melt are substantial. The

thermal conductivity of a typical metal alloy is at least 250 times the thermal
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uni formtenperature nelt (i.e. a nmelt w thout
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mechani cal action and the resultant shear heating is

strong, stiléqod hedl. The istrengthtdfithe sadigilied enpartially solidgiedIoetal istalso
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veny diigho Thesorehenachine 24darces tred atempatoccogs essatd moea (by action
necessary.

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, etc).

[36] An additional reason to use screw compression with a polymer is to meld 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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viscosity of the polymer nelt is al so advantageous in
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(e.g. fountain flow, lamnar flow) is desired to
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a nol ded part and the significant viscosity allows
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(undesired) is a function of fluid viscosity. At the
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negative factors. For exanple, in parts with a weld

is didedkby the reinrlEregt Yisodsity lranskibd abovesandbelbivaine cryptatiinednelt
by the viscosity of the nelt flow fronts, which

temperature. However, rapid solidification and viscosity increase below the

crystalline melt temperature can cause weld line strength problems and mold filling
issues even more difficult. In these cases the material may want to freeze off
(solidify) prior to homogenization (weld line) or mold cavity 40 filling.

[37] The molten or partially molten metal, metal alloy or metal matrix composite
typically contains material with significantly lower viscosity than the molten
amorphous or semi-crystalline thermoplastic polymer. The low viscosity of a molten
metal or the low viscosity phase in a semi-solid metal or viscous metal tends to have
a high affinity for itself and metallic surfaces. 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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reduce the need for conpressive based shear heating
soligfraelhiransiden thegjonifivanty mceeased Mharmaheendyichdiepmpagesto
to screw based conpression in the processing of netals
polymetsoiegelts inEnalch njose tanith ciggi in yisegsityprresetidiieatigndipon
nost of the requirements for screw based conpression
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or their conposites. Therefore, one object of the
Additiomaily| te hHest tdpmcity 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 250X or greater) and the
lower heat capacity (typically 2-4X) the effect of a differential temperature (driving
force for heat transfer) has a much more pronounced effect on a metal than on a
polymer.

[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 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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metals, netallic alloys and their conposites on
ang R REPRAYNEIY)- rﬁdé’EtOiné%/ hsraiedyPicafyinereRt342gmpegiyeiGegtrol
the density differences between plastics and netals
ang freddBrest ﬁééﬁm%ﬁw CeIrRi et hepe greaiR aneeacerHpdle eyrent
~difference inplies that a change in tenperature (e.g.
INVemiae barrel surface) CO01 -CP P01 467-PCTcan have a
1000X greater or faster inpact on the tenperature
[42¢ halryepeyatusefsi rit undemm troughoat eathatonediiaie isaa pisiciandrout for
The inplication for conventional injection nolding
exganationeurpasésiasddiogna fcostaeitstayidpomt itheoutcblod gifftatittd arpate a
screw causes a portion of he nmelt or
unifeeint tesperad(needradient atond tneescrew tl 0 avedn \bidtt aweiforar eagoerature
having significantly
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 to keep the material in the melt at a
viscosity significantly low to fill the mold cavity 40 completely without freezing off.
The temperature in the feed zone is typically low enough to keep the pellets solid.
The temperature in the transition zone is intermediate to the metering and feed zone
and allows that material to 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 temperature is
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positions. [41] Barrel 26 tenperature control in a

conventional injection nolding nmachine 24 is typically
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For typical polynmer processing there is a significant
fregiveluedpceineligisrie exelnge paghuplasr). Htawerrf ndhe raasitign zone
greater for high tenperature polynmers nainly because
thetSeeewnd 0 \actsearpe camiingtion olgmett angeolrbpellets. Since the solid metal
467- PCTsignificantly higher. D fferences in
peltetgrprer sitangeandfhaed)-tBey &e(foedIQ the) bayeal Reavallandasmieasghey melt

not uncomon. The fluidity of polymers is |ess
instantaeoasly yeyt denscalise fiter serew 10 to bind or require high forces to move

or break up. Additionally it is in this region where molten metal is most likely to
experience rapid crystal formation (near the transition temperature of the metal) and
produce a material that is very strong and difficult to move. When this happens that
machine 24 appears to struggle in advancing the material K (noise, binding, high
torque).

[45] Elimination or reduction of the screw flights 22 in this region is critical to the
successful 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
14/barrel 26 length. Elimination of the flights 22 in this region eliminates the machine

24 struggling to overcome the strength of the material by attempting to shear
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than the fluidity of netals is affected. Sonetines
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4ef's Frssoreties bt bR elputation cb T |d&‘m@§§aa$'t'@r§ﬁceﬁ?ﬂ§ﬁ°rew
ear. the transi n nperature of the rreal
f“gé‘isc?&’déé’eﬁ‘on‘?é‘(%tﬁ’i?ly *B%i?t‘”%réor%? 9”%?(‘ W&“%B '&‘?'%? w@am
to nove. \When this happens that machi ne 24 appears to
pr%?%%@@n@talﬁ %%t@&ﬁ@i'% ethi CaMPaFitas ip sNRANLOBRIARIPREPN
gh torquez %45 El i m nati on or reduction of the
mog&’?%@\ﬂlf'le@ﬁ 24. @e|$W|%atP@@P@ﬁ'oﬂ§fH}ei"ﬂieéTé\CPn mgldinge
successful processing of netals in injection nolding
eqléqmiepi-.@nat forces spd@regsureshwell withinthe desionlirals af e paripment
critical to advancenent of the material K along the
24 gta eiticehfaf routing heantislousm@ndceaggehtabld eparatian ioriheprackesing of
flights 22 in this region elimnates the machi ne 24
metals aggbnventipnalanjectcmnmpolding euienegniti24dof t he nmateri al by
attenpting to shear
[47] Referring back now to Fig. 1, the preferred embodiment, all of the front (or
metering and) middle (or transition) flights 22 as well as a portion of the rear (or feed)
flights 22 have been removed.
[48] Fig. 3 shows an alternative embodiment 100 with inclusion of front (or
metering) flights 22 that are usually helpful in maintaining temperature control and
shot size in polymer processing also 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 acceptable 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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C001 -CP PO1 467-PCTsolidifi qd or solidifying

material near the barrel 26 wall. Mterial is advanced
whyooBliizyei s 22 in the feed or rear section. RePCHUS$10081056238

of the screw 10 also returns, sone material Kto cold

sections of the barrel 26 wHere the material K may

rapidly start to crystallize or solidify. Elimnation

moRlinfE&GEWitNh8lscihel $6f lﬁ\é’p?eéb@mt frive8trs FaRneM by Bbstrolling the
region elimnates alnost all the machine force on the

teni¥raditd ¥ the bQFreICéG’ §ﬁ@}dtét?dn§%nﬁﬁﬂﬁ{de%pé%& &athe BN 10,

cause extrenel Yy |g | ocal forces “or pressures t hat

pro%@é’é RS rr[a? t%e“é:@oﬁ{phéﬁb% Q%ﬁ’cE@ﬂ)t B8 eresQ)tf E‘Iﬁfductlon

COﬁp ents. e I nportance O the el nat1 on of

[501‘he]’ﬁ@r?l%@9 |t8%rlg tﬁétotﬂ?e Fé%'éﬁt ﬂ'@e@ﬁfneﬂ}'owggg Bt o@% dofution

enons | ower orque and el m

to PRIASIASH PJc%%?ﬁ@Hb‘Jalg‘Fﬁ @engﬁa@'Ajé&.oﬁ'ma.ﬁpgaggmem by

conp SlteS n conventi on tion ho

pfo%ﬁﬂfﬂi%“ﬁ%ﬁ”%S&Fﬁ'ﬁ@th%i,%%g%@ﬁb%éﬁt*i%"ﬁ(%ﬁ%@@ﬂ%& BP st gt

n.the d ment 2 ar

| i m f th
Fighfs malpie b SRl Py e ey bR B sHEAp wall
51 ﬁﬁi@v%b@ﬁaeh%qp&?ﬁa eg%ﬁﬁ%ﬂ% B T Eia keh uiiaipiaRs and

wito F| erre I ment
moaﬁlsﬁteoqs Getiper aadip BdlLcHeh eénteqpﬁm?méwhp%%pwnggiﬁ?@ the
as well as a portion of the rear (or feed fI|
Sp'QtZOfHB%reégﬁh'”YWeﬁ” SF%B']”O#ﬁf'ﬁat@S VaBgesRiedpis E’?Q/E’ be
enbodi ment 100 with inclusion of front (or netering)
withipit peopexof iy Pregeat inkerdionexpapisimijed b‘/dhﬂtaﬁpﬁNﬂjig Claims
tenperature control and shot size in polyner
processing also work equally as well. Wthout renoval
of flights 22 in the correct areas routine and
consi stent processing of netals on conventi onal
reci procating screw injection nolding equipnrent 24 is
not acceptable from a production standpoint.
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[49] Accordingly, converting conventional plastics

i njection nolding equi pnent 24 to process netals is
waewenmssshed by replacing a conventi onal pl asPCTES2008/056238

i njection CO01 -CP POl 467-RCTnol ding screw with the

screw 10 of the present invention. Further, by

controlling the tenperature of the barrel 26 and
WHISE & coapv@ndspl unger speed of the screw 10,

processing netals may be acconplished at acceptable

rates of production. [50] Therefore, it can be seen

that the present invention provides a unique solution

to : S.Si . i 4 . .
T e O R e Bl Pfigigsites i

et : Wt SAdRdiRe m ddl e portion of the

apﬁ%ﬁ'é%%ﬂ@bt&&@hgg;rﬁédgg%ﬁ§0¢ﬁp%lﬁ§'r be renoved fromthe

frogghéh rtion of the screwas well. [51] It would be

appreciated by those skilled in the art that various

CTngGRy A IR R, SRR TR gt Bagg e porion
proifte o i G o B R deR B et ha st i ane o
resent invention except as limted

th th
porﬂg)r?p?é?rﬁ%tsﬁﬁ%ag%ggpﬁwa 1 -CP PO1 467- PCTWHAT IS
5Pl o BT3P T sl

i njection nnlding,nachine, pogﬁrising: a shank; a.
maigriab iryey the PlasiiR iegion roriding inta the naigdleRoipar qf the
having a rear portion proximte to the shank, a mddle

SCVBWrSthﬁgn proxi mate the rear portion, and a front
portion proximate the mddle portion; and flights
extending fromthe rear portion of the screw shaft for
advancing material through the plastic injection

2. nol thengytiptecticlaém itntustheheompidgin@ porti on of the screw
shaft.

flights extending from the front portion of the screw shaft for advancing

material through the injection molding machine.

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

4. The article of claim 2, wherein said flights have a 1:1 compression ratio.

5. The article of claim 1, wherein said flights have less than a 1:1 compression
ratio.

6. The article of claim 2, wherein said flights have less than a 1:1 compression
ratio.
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2. The article of claim1, further conprising: flights
extending fromthe front portion of the screw shaft

wo orosassici ng material through the injecti on POI/tib1998/056238
machi ne. 3. The article of aim1, wherein said
flights have a 1. 1 conpression ratio. 4. The article
of claim2, wherein said flights have a 1. 1
conpression ratio. 5. The article of claim1l, wherein
said flights have Iess than a 1: 1 conpression ratio.
6. The article of claim?2, wherein said flights have
|l ess than a 1: 1 conpression ratio. CO01 -CP PO1

7. 467AE€£?0 m‘%o%ﬁ?ﬁdldﬁn ﬂia%ﬁﬁﬁie%n b Rk pfflﬁééysﬁ@ metal, metallic

configured proce sing msta net al oys, an

aI B! Bl BRI ity OORASES B ol AL EniIED ol i o
W Fp o

conpri Si ng: ate era -contro arrel
corﬂ&¥ @% a metering zone, transitl on zone and feed zone;
throat configured for dispensing material for

e LIy P ol BB By it R Brg. frffigone anc

¢ ?crew havi ng: a shank; a screw shaft extending from
Pt Shank, the screw shaft having a rear porti on
prox etot a m.ddl e rOXI
Fodl 1959 t'aroahcorﬂwar PF tiaerita g bk it 1A Bia Taag one
ortlo flights extending fromthe rear portion of
Rbalekew shaft for advancing

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 middle 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 barrel the plastic injection molding machine into the middle
portion of the screw shaft and the transition zone of the barrel; and

a motor driving the shank of the screw.
8. The article of claim 7, further comprising:
flights extending from the front portion of the screw shaft for advancing

material through the injection molding machine.

9. The article of claim 7, wherein said flights have a 1:1 compression ratio.
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material through the barrel the plastic injection

nol di ng machine into the mddle portion of the screw
wGeh@Bti12stl the transition zone of the barrel; BCMUS2008/056238

not or driving the shank oféiﬂe screw. 8. The article

of claim7, further conpri flights extending from

the front portion of the screM/shaft for advanci ng

mat eri al through the injection nolding machine. 9. The

article of claim7, wherein said flights have a 1: 1
10COMRICHTLRY oAih & whBRn s§5’f| fs (e DEROmpTbsidH f! ©

of claim8, wherein said fl ts have a

conpression ratio. 11. The artlcle of cIa|n17, wherein

said flights have less than a 1: 1 conpression ratio.

12. 1k t f I ;
1, esshé‘ﬁm% df%laﬁqg’ wﬁbfééﬁggiﬁg rf]l\qfﬁgs{ ﬁé\)?e |§§é HH&R d ?Etggmg‘)fé/s%uon
ratlBrocessmg net al , netalllc all oys, and netal nmatrix

conposites in a plastlcs i nj ection nol ding machi ne,

conprising the steps of: providing a plastics

i nj ection nmolding machine having a screw, rennving t he

1231 T AER A Ela o Rt S Mok B EES 1B 2T Shipprogsion

et hod of claim 13, wherein the nodi f| ed screw further

raliQompri ses: a shank, a screw shaft extending from the
shank, the screw shaft having a rear portion proxinmate
to the shank, a mddle portion proxinmte the rear

portion, and a front portion proximte the mddle
13. por,%,rqﬁiqhod of processing metal, metallic alloys, and metal matrix composites in

a plastics injection molding machine, comprising the steps of:
providing a plastics injection molding machine having a screw;
removing the screw;
replacing the screw with a modified screw configured and arranged for

processing metals.

14.  The method of claim 13, wherein the modified screw further comprises:

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 front
portion proximate the middle portion,

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

screw shaft.
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flights extending fromthe rear portion of the screw
shaft for advancing material through the plastic

w0 pjoea12sens nol di ng machi ne into the m ddl e poP€T/U82008/056238
the screw shaft. C001 -CP PQ1 467- PCT15. The nethod of
claim 14, wherein the nodif 'ed screw further
conprises: flights extending fromthe front portion of

15t heﬂ%h@ﬂﬂio‘éﬂﬁﬂaﬁﬁﬁ Wﬂé@%!h@%é@ﬁ&f s@bw Mt @Bnidhges:
i njection mol ding machine. 16. The nethod of clai m 14,

Wheﬂ@ﬁt@ eXRhdin glfkﬂmh% g oﬁloila ‘of InE TR @B 81t B dRbhh@ng

he net ho a|m wherein said flights have

mag%rﬂad tfﬂ‘omgﬁ?ét% rﬁaﬁlnge inadhe method of claim 14,

ereln sail I ghts ess than a 1: 1 conpression
rati o. 19. The nmethod of claim 15, wherein said
flights have less than a 1: 1 conpression ratio 20. A

16T AL Bl R L g, AnSreul Bl Ahdyl £ iRl i

nac sai d’scr a sc
extendlng therefore, the screM/shaft haV|ng a rear
portion proxinate to the shank, a niddle portion

proxi mat ear, _portion raont . por
1707 bt obte A se pbiart said nls 1481 akirgksioyatio
fromthe screw shaft for advancing material through

the plastic inj ecti ons nol di ng machi ne, said nethod
rising t tep o remoying the flights fromthe
B IR QA1 e R HRHS Metesiien ackbod. of
claim 20, further conprising the step of: renoving the
COrppregRiPs #%m t he front portion of the screw shaft.
C001 -CP PO1 467-PCT22. The met hod of cl ai m 20,
further conprising the step of: selecting a screw

having flights with a 1: 1 conpression 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 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 material through the plastic injections molding machine, said method
comprising the step of:

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

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

removing the flights from the front portion of the screw shaft.
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23. The nethod of claim 20, further conprising the
step of: selecting a screw having flights with a |l ess
W0 b@s/112553 conpression ratio. C001 -CP P01 467PE1CZUS2008/056238

2o,

22.  The method of claim 20, further comprising the step of:

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

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

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