22 August 2005 BARREL ASSEMBLY TECHNICAL FIELD 5 The present invention broadly relates to
injection molding machines and, in particular to the injection unit of an injection molding machine.
Injection molding machines include machines for injecting plastic material, or me&#l madestl 2005metal
material in a thixotropic state. 10 BACKGROUND OF THE INVENTION Operation of an injection
molding machine introduces a number of fw.ﬁﬁd stresses on the injection unit. For 15
example, axial carriage force is a force applied to engage the nozzle end of a barrel assembly against
a sprue bushing of a mold. This provides af&fadNdalihglcbhhBction between the nozzle and sprue
bushing preventing leakage of melted material during injection. Carriage force is applied and
mair%taine h2eo pricr)re tsoeirq'ectinlq tgﬁ {En%IF1 of g]lat%r(i]a‘. Injercetipn fgrsce |§ a folrce éjggg'bed alﬂgg éq% length
of a reciprocatir)B Screw focate | in a bore of a barr assem%*y. Ir]je(_g{ion {Hce resuﬂs in m'ectir% a
melt of ma¥aGa 1Aea 28Mfbld. TReraldBhiBidiFEacitit infdtgion FOREPY alohd Ehe BngtRdf the
barrel ass@¢mpbcad areswbtlefimgvingarsbnew foriaje duiiog theoihibintign stageiofesméldiigipecess.

Injection BReRsR .2 PIFSSYIRIECHIRY PRLIEREe Rl ipisice iadhy Towpl e et

material in the nozzle, runner system, and mold cavity. Injection pressure is exerted on the melt in
front of th@s&aby ﬂ}?ﬁﬁﬁﬂé‘!he‘ hjéttbA T XREER EemB S process. The accumulator end of a barrel

assEmbly must withstand injection pressure. 35 Injection units for molding machines are very well

known. For example, the book entiggg kisgestign Melding=mpQlings foser's Guide 3rd Edition" by
Johannaber was published in 1994y Carl Hanser Veriag - 0-169-4) and contains a

detailed 1 22 August 2005 description of conventional injection units for plastic
Operation of an injection molding machine iIntroduces a number

of forces, pressures, and stresses on the injection unit. For
15 example, axial carriage force is a force applied to engage the

nozzle end of a barrel assembly against a sprue bushing of a

mold. This provides a force sealing connection between the

nozzle and sprue bushing preventing leakage of melted material

during 1iInjection. Carriage force 1is applied and maintained
20 prior to injecting the melt of material.

Injection force 1is a force directed along the length of a
reciprocating screw located In a bore of a barrel assembly.
Injection force results iIn injecting a melt of material iInto a

25 mold. There is an axial reactive injection force acting along
the length of the barrel assembly as a result of moving a screw
forward during the injection stage of a molding process.

Injection pressure 1is a pressure required to overcome the
30 resistance to the flow of the melt of material in the nozzle,
runner system, and mold cavity. Injection pressure is exerted
on the melt in front of the screw tip during the injection
stage of a molding process. The accumulator end of a barrel
assembly must withstand injection pressure.
35
Injection units for molding machines are very well known. For
example, the book entitled “Injection Molding machines A User’s
Guide 3" Edition” by Johannaber was published in 1994 by Carl
Hanser Verlag (ISBN 1-56990-169-4) and contains a detailed
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injection molding machines in Chapter 3 on pages 38, 39 42, 43, 44, 75, and 76. The reciprocating
screw (RS) injection unit includes a barrel assembly which includes a nozzle, barrel 5 head, barrel,
axial bore, feed port, heater bands, and thermocouples. A reciprocating screw, wechAugeiid@9eGbnon-
return valve, is disposed in the axial bore of the barrel. The axial bore of the barrel includes a

metering 486K BAELPReedty scefBY S ARREL or HdRREAAMive Hpdites tfON0 s@tasbieed
and meterimj‘@drlcias_namdmaimrginjemniimesetierectn’@mrmf irﬁ*_o armpkaigé*bg:k&rreBngbanl;liﬁ fixed
and suppgiied, gantileygyedzétt onerend gfdhg hpseliy Agcactiads, HydeapliG Ry slepkis-Adthpers
connect betwﬂerng;he carrl??%f: and a frame member orgfzﬁedflatrfné)ft e |nJect|orzlsil5 mog%ll,n S)éstem.
Operation'cﬁ' e9ERatbrs MAVESe e ﬁ%mk\ﬂm ard'&nd ﬁ%y ffon! Pe%t&tion '&gt n and
provides dneadal cabéageetbice thxdwh thb@ngire lefigidof therdarrel barig injedi@ndsinimiaing
leakage bﬂi‘@%ﬁﬁb@ub‘l@é@ tip ad ﬂ&ilﬁ#@cﬁ@hﬂ@ Eog-ayial r\ﬁﬁ‘i@l‘? i'ﬂﬁ@ﬁ%@@ fqéceﬁ@ﬁirected
through the e@d';%@\p(? r\llgf thlesbarrlesl %usrlﬁlr\lﬁg 'ﬂ?c%re" g)l(ei b(iolbgr'ltltlegf'l%ﬁ%tlglal\lﬂlgl g 1he
Operationg'egroduce y Plusky |(Ij]je(,%0n olding stERET d., h& printed in an_ad%, 25 copyright
1980 also @$hensRed@sc@fiot BEcohaEkwhall Resunits foetiasid tjesRsEARIMIRHachines
on pages fdeiiouphskc tgain, for Are reberasaitg Serem/nienl Pl cundy hhirrepisiupportathet a
distat e_”%’}‘ébvca'i%?g%}é’&'c RausEa - nigetian gylindgr apdafofaonaldivg, %Bfa‘ydfﬁg"c
cylinder is connected between the carriage and a stationary platen. In operation of t ydraulic

cylinder, tRe E@F &Sy eked kedpAirEushd'dbdntird R gAREFBE BaREMRY alRoElagdinftidion
unit, a barsalppeureaited ehntié benddreal carrae. ©he carrade ofisetiiee divaa:ridk 3byozzae of

the barrel fegasinina ShRAIPSARE VISP INCledasr PR INIGSHPAdYPON cUiMheR TG SRR IS @other
end of the shoatin potﬁgﬁydr lic cylinder is connected betweep the carrjage and a statignar
platen. In SBEEHBRS BRI A AR RS iHEPARE cQiadd ¥5te RARERRD Qbnd Ui SMISCEIO
15

molding system. Operation of the actuators move the barrel
assembly towards and away from the stationary platen and
provides an axial carriage force through the entire length of
the barrel during injection minimizing Hleakage between the
nozzle tip and the sprue bushing. The axial reactive injection

20 force 1is directed through the entire length of the barrel
during injection.

The book entitled “Injection Molding Operations” produced by
Husky Injection Molding Systems Ltd., and printed in Canada,
25 copyright 1980 also contains a description of conventional
injection units for plastic injection molding machines on pages
41 through 44. Again, for the reciprocating screw injection
unit, a barrel is supported at a distant end by a carriage,
which houses the injection cylinder and a rotational drive. A
30 hydraulic cylinder is connected between the carriage and a
stationary platen. In operation of the hydraulic cylinder, the
carriage force 1is applied along the entire length of the
barrel. For a two stage iInjection unit, a barrel is supported
at one end by a carriage. The carriage houses the drive. The
35 nozzle of the barrel feeds iInto a shooting pot which includes
an injection piston. The carriage supports another end of the
shooting pot. A hydraulic cylinder is connected between the
carriage and a stationary platen. In operation of the
hydraulic cylinder, the carriage force 1is applied along the
2



22 August 2005 entire length of the shooting pot. The axial reactive injection force is directed through
the entire length of the shooting pot during injection. 5 United States patent 5,040,589 issued on
August 20, 1991 to Bradley et al (assigned to The Dow Chemical Company). The2patentstie8edihes an
injection apparatus for injection molding a thixotropic semi-solid metal alloy. The patent contains a
descriptio® 8tk @ppeRatH iR BrdbasHiee kg Bedstodkeo MidalinkeaehtV@at deFEifBtal is
fed into a lfopoe, iccalddatted ett icb i bahiel, end incasfienedtnto fin thecushdatidmgommibcated
at anotheroqndmfgthﬁzrﬁaé@ﬁw_ barrel is constructed of a single piece of material with thick walls. A
number of heating zones are defined along the length 15 of the barrel, including sections of the barrel
having differing thickness. The feed throat area and zone 4 are relatively thick sections. Zone 3 is a
slighly thikndrtedctiStipdies zopate stthotHiHibst 88ctivaslieg bayrel iBugusitentishallyl@dUnt&d in the
injecti_or_l UFaﬂ fé@ld tapat0 epdf fhpdarratés ”TWN%N a@h'@ﬁiibbfllip@@rrﬁﬁaﬁwg to thgdrame
of an |nject|8_rééjr%t. '%eljs()étP%%ur ace q nth%Cl]:allr(r)enl, Qter{rinred{%tg tq%glstannlgng%)f trrln%li%rlrel rests on
a second I%uppor JSENRET i he HHRE L carrrll%ge%rce iS appriea a?ong he Chtive Pe(?wgﬁﬁ of
the barrel FNdpEBEOR PG of3RE bppaktds. Aedédions bkdye distiediRERN TustPRtEROSendugh

to withstaribtheragneliivatianfof axialgapiagerdercerand priabesstiyryinjgctioatalce firedieedbkough

the, entire th gf t rHng i ian. 3Q Upjted pajent 3 jssue ember
16,1 999 tgﬁ%%in% e?glpéérglé%égqgj %Jrﬁég%at %cgg e%%e%r?t d?sgcrilfg?aﬁggtro%ig] rﬁgé\ﬁﬁ]ection
molding a9%ak&d THEpaRREis §61the8Th (iBReRBRER defRBS nigraReReiEet ctihtehd 3 low
pressure sectiomuillad ion preesiere bectdres thtnearodm8b trenkiglofrethiere bactal A feélchihroat

end of thefdharigl s ROUBERLIR QL ¢RUCE FUBPLT AGAR IRALEE W HEeUPTL PUlideh Ofdhedarrel,
mtermedlateél'.e distant ends of theﬁa rrel, rests on a second Stépép1grt aldc,o SfCUI’ed tﬂ thelframe. The
tiehe ined a e

carriage fdf@ §appl' d? e e@ﬁbﬁ\gof%ﬂges are ong t ength
15 of the barrel, including sections of the barrel having
differing thickness. The feed throat area and zone 4 are
relatively thick sections. Zone 3 1is a slightly thinner
section, and zone 2 1is the thinnest section. The barrel is
conventionally mounted in the injection unit. A feed throat

20 end of the barrel is mounted In an upright support secured to
the frame of an injection unit. A bottom surface of the

barrel, intermediate the distant ends of the barrel, rests on a
second support also secured to the frame. The carriage force
is applied along the entire length of the barrel in operation

25 of the apparatus. All sections of the disclosed barrel must be
thick enough to withstand the combination of axial carriage
force and axial reactive injection force directed through the
entire length of the barrel during injection.

30 United States patent 5,983,978 issued on November 16, 1999 to
Vining et al (assigned to Thixomat Inc.). The patent describes
a thixotropic metal injection molding apparatus. The barrel is
formed In two sections to define a high pressure section and a
low pressure section. The low pressure section is thinner than
35 the high pressure section. A feed throat end of the barrel is
mounted iIn an upright support of an injection unit. A bottom
surface of the barrel, intermediate the distant ends of the
barrel, rests on a second support also secured to the frame.
The carriage force is applied along the entire length of the
3



3 22 August 2005 barrel in operation of the apparatus. All sections of the disclosed barrel must be

thick enough to withstand the combination of axial carriage force and reactive injection force through

the entire length of the barrel during injection. 5 United States patent 4,863,362 iszuddiausEejiieber

51989 to Hehl is directed to an improvre{gflasticizing assembly. In accordance with the invention, the
r

plasticizin§@yKisker i&NarrQREEETH Qeirfdrcild SkeRRIA RIS ng Al ck 38 ARite@ by X@ck
surface ofitsadobag whizhrisspacedidtom the pladiiniding eyliodghby taxlialgptbesande ottie

spacers fixeghh FABRGTIRC 1B4he 4RfK Par ARpNg &f&arrardan Al PRSICEIRCYIVFERRTGH least

one centerj spacer is connected to the track bar and surrounds the 15 plasticizing cylinder as a
oliding fit AR G OUER F0S SRRRE pERRE L e, DR a S o AREECEAR he
plasticizing assembly is supported about a middle portion between the legs of a U-shaped bracket

that is fixednitBdespesitesthg iiegtien angdrame theagasgenait 2@ prawisde asimpgguigance of
the plastic&érﬂﬂ(asslesmbl ivt\_/iércl: tg engoagementiof sit,at\i;)er@]ry r(illéar%f%tatalbl mousnst%gn E)r\the I
U-shaped bracket With the t[aéf( of the slge‘?é}on. [—nﬁrtﬁer, e Fodtion Qf%@e asﬁcumg cy}fﬁder_{ﬁat
protrudes ABRPHOIGIKIE sitidihdikehe BRERAIA R recehit®l frodngibiehz 88Gin 2y hxrREeKdinkSit in
the bore o grraegjeitng bady ofdhe irgaeiRgraihd opskatianthe plasigizingoiigderds atigbycforce
coupled to ipjecti nig. gnly t it t Wit iving f the injection.unit,
ang@hencgaﬁégxfgﬂgéﬁagﬁg fo_%{cer{;%'ssg %1 Sy E Y %1}(? %&O‘egﬁéﬁciz@rﬁg %yinggr.r%gr%at ritain

rough the length of the
patent 1297783 idied BAAIAHFAD 1@‘97g't8dﬁﬁyn%)§ el 8t e §RE%6 55 inj@tRon it #28
eliminatesspecsarsw faneetliyn valverswitibe adswcidied probkeoks obas mamafactioe and aesambly.

The inveniigi pRyifesRIEPPASHIE RSN E AN RIRSHOR Gad Withek ipiasHan ereeriisiplled
”‘aheadigag%éﬁpb%ﬂgsf%%%ﬁgg%%ﬁeV%%fhI%he track bar and surrounds the
15 plasticizing cylinder as a sliding fit and defines a clearance
with the plasticizing cylinder. Installed in the iInjection
unit, the plasticizing assembly is supported about a middle
portion between the legs of a U-shaped bracket that is fixed
with respect to the injection unit frame; the arrangement
20 results in a simple guidance of the plasticizing assembly with
the engagement of stationary rollers rotatably mounted in the
U-shaped bracket with the track of the skeleton. Further, the
portion of the plasticizing cylinder that protrudes from a
guard surrounding the skeleton is received from the rear as an
25 axial sliding fit in the bore of a receiving body of the
injecting unit; 1In operation the plasticizing cylinder is
axially force coupled to the injection unit only through its
engagement with the receiving body of the injection unit, and
hence an axial carriage force acts through the length of the
30 plasticizing cylinder.

Great Britain patent 1297783 1issued on November 29 1972 to
Haynes et al is directed to an iInjection unit that eliminates
the screw non-return valve and the associated problems of
35 manufacture and assembly. The invention provides an injection
unit iIncluding: an injection head with an 1injection nozzle
installed in a headstock; a plastics feed structure which is
moveable relatively to the injection head and defines therewith
a telescopic injection chamber, the feed structure comprising a
4



moveable relatively to the injection head and defines therewith a telescopic injection chamber, the
feed structure comprising a 4 22 August 2005 barrel, a feed screw rotatable in a supply conduit in the
barrel which may be connected to a plastics supply source; and means for movirgpthedest gi0%ture
as a unit in a forward direction relatively to the injection head in performance of an 5 injection stroke,

characteriP8d b§ Ine f&ct tFa€the RAPYCrNP &P ERGING erd pSHiRR Whichtdp blateb Witk REpart
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invention is to isolate a portion of a barrel assembly of an injection molding machine injection unit
from axial fofepe- ire a number of problems and deficiencies with the known
prior art devices. Barrels are costly due to the amount of

15 material required to provide a suitable thickness for
withstanding the axial force along the entire length of the
barrel. The axial force may be the carriage force, or the
reactive injection force, or a combination of these two forces.

20 Special materials are required for barrels 1In use with
thixotropic materials and these special materials are very
expensive and are difficult to manufacture.

Thick barrels have a high thermal resistance which affects the
25 efficiency and controllability of heating a material in the
axial bore of a barrel.

Barrels, conventionally mounted in the injection unit, are
typically difficult to install and remove. The process of

30 installation and removal within a carriage is time consuming.
Installation of the barrel iIn a carriage is further prone to
alignment problems.

SUMMARY OF THE INVENTION

35
The primary advantage of the present invention is to isolate a
portion of a barrel assembly of an injection molding machine
injection unit from axial forces.



22 August 2005 Another advantage of the present invention is to reduce the cost of a barrel
assembly. Another advantage of the present invention is to reduce the 5 amount of material required
in certain sections of a barrel assembly. Another advantage of the present invent&@nAsdoste06s the
weight of a barrel assembly. 10 In accordance with an aspect of the invention, a barrel assembly is

provided thRORBRHeLAYRNERES BEontNSarBr §8ith hEOYRNHH Qial boretRer&®Poissh, Th&a first
barrel couwert theflomabamr pétheafsehbitgl.coupler defining a 15 boundary between the first barrel
portion and the second barrel portion, wherein the first barrel coupler isolates the second barrel

portion from axial carriage force. As ap alternative, the barrel assembly may further include a_second
barrel couple? FATE i HAGE et 2 RSB 3 ckbiG HiARRedkte 7 erlESHFE bAHE and
the first baandusduplef. Asateaiiahativequenstreliasseablanay fsebEl dreiide fin axibhiored
linkage meygbemng.axial force linkage member 25 disposed intermediate the first barrel coupler and
a first carriage coupler wherein the axial force linkage member distributes axial force. As an
alternative, the barrel assembly may further include a 30 thermal isolator. The thermal isolator
disposed iffe#RNatcagheantag@rePfouble amr aFRsteartiayetbipler Wherd® thedhsiehaltiBBlator
reduces corduftiive e ai troashes betwermiilg barrel assembly and the carriage assembly. 35 As an
altelr(g\ative, the injection assembly may further include a linkage insulator. The linkage insulator
disposed intermediate the first barrel coupler and a first carriage coupler wherein the linkage insulator

distributesl&kia 36 R AN RRIucKE Bondt tivaFREEFanSEr b erMNHHQAnd e RAYRI6 22
August 2085sasbihplyis provided that includes a first and a second barrel

portion having an axial bore therethrough, and a first barrel
coupler, the location of the first barrel coupler defining a
15 boundary between the first barrel portion and the second barrel
portion, wherein the first barrel coupler isolates the second
barrel portion from axial carriage force.
As an alternative, the barrel assembly may further include a
second barrel coupler for retaining the barrel to a carriage
20 assembly intermediate an end of the barrel and the first barrel
coupler.

As an alternative, the barrel assembly may further include an
axial force linkage member. The axial force linkage member

25 disposed intermediate the Tfirst barrel coupler and a first
carriage coupler wherein the axial force Jlinkage member
distributes axial force.

As an alternative, the barrel assembly may further include a

30 thermal 1isolator. The thermal 1isolator disposed intermediate
the first barrel coupler and a first carriage coupler wherein
the thermal isolator reduces conductive heat transfer between
the barrel assembly and the carriage assembly.

35 As an alternative, the injection assembly may further include a
linkage insulator. The linkage insulator disposed intermediate
the first barrel coupler and a first carriage coupler wherein
the 1linkage insulator distributes axial force and reduces
conductive heat transfer between the barrel and the carriage

6



The barrel assembly for use in an injection molding machine comprising a clamp unit, and an injection
unit. The clamp unit 5 for receiving a mold, and is operable between an open position, a closed
position, and a clamped position. The injection unit for creating a shot of materialrAngesttoddnto the
mold. Further advantages of the present invention will appear 10 hereinbelow. BRIEF DESCRIPTION
OF THE Dr88RMI&S-Embodiments of the present invention will now be described, by 15 way of
example only, with reference to the attached figures, wherein: Figure 1 is a diagrammatic side view

representation of, 3 rpiectipumaline rpaehinelusyating A R LipifoR0 INETEARRECIRICA AT
injection unit; Figure 2 is a pespective view of an injection assembly; Figure 3 is an loded _
perspectivERREN b i fbdibAMDs UBddmbRHLsHATAB RSk Fhalihbly anhs oA Uoddmbly:
Figuse 4 ifarcrasazvdngl viewaedicbn alodg ise opefrainl figlretaviiastraingop arulppitt kel
assembly pcalpskiad 3 8w tarsage éﬁélerab%l%ir@ﬁ&ﬁ o3 FERSrSeCtianid VipWj ke aionsnine AA
from figur 2rillg%téat{rﬂ1a nozglﬁos c(t)igll_n r\ﬁvitpea}, §g|pojf'gp|;; ?iSn Ei ure g IS .Iangtrgs%ﬁectrinoonial view taken
along line A& "f‘lguregz a2t ing an KHeratve nozzle Sd&ian\with & semlsp%erlcalql‘p; Figure 7
is a perspective view illustrating an accumulator 7 22 August 2005 section of the barrel assembly and
a first barrelieauder; FigtvaBtagessossofectienal vigyy takentalongnrendfdrom iiplile 2 dpisgraring an
acwulaﬁqg.gq%q% e barrel 5 assembly and a first barrel coupler; Figure 9 is a cross sectional
view taken along line AA from figure 2 illustrating a second portion of the barrel assembly; 10 Figure

10 is a partial perspective view of a second portion of the barrel assembly illustrating a second barrel
coupler; Figure 11 is a top viewBiX kif&dIBESERDRT,ION OF THE DRAWINGS

Embodiments of the present invention will now be described, by
15 way of example only, with reference to the attached figures,
wherein:

Figure 1 1is a diagrammatic side view representation of an
injection molding machine il lustrating a clamp unit
20 interconnected to an injection unit;

Figure 2 is a perspective view of an injection assembly;

Figure 3 1is an exploded perspective view of the iInjection
25 assembly illustrating a barrel assembly and a carriage
assembly;

Figure 4 1s a cross sectional view taken along line AA from
figure 2 illustrating a multi-piece barrel assembly located in
30 the carriage assembly;

Figure 5 1s a cross sectional view taken along line AA from
figure 2 illustrating a nozzle section with a spigot tip;

35 Figure 6 1s a cross sectional view taken along line AA from
figure 2 illustrating an alternative nozzle section with a
semispherical tip;

Figure 7 1s a perspective view illustrating an accumulator
7



15 Figure 12 is a cross sectional side view of the cradle member taken along line C-C of figure 11
illustrating the first carriage coupler, the second carriage coupler, the first barrel support member, and
the second barrel support member; 20 Figure 13 is a front view of the cradle menf#2eAillmsttatfgxhe
first carriage coupler and the first barrel support member; Figure 14 is an end view of the cradle

member iIRRFEARY t1RF dEve RededsasqsabibyisalfoRt Kk thaybrd: ER}Pda6 s a back view

of the yoke; 30 Figure 17 is a cross sectional side view of the yoke taken along line D-D of figure 16;

Figure 18 ﬁi?@?@'a@e@e%w&?/@é’é OfIRR PRYA £SSEHERY ﬂﬁﬁé’ﬁf”&ﬂ%rﬁ’QS%W llystragipgn
installation_Qf the barrel 35 assembly within the carriage assembly; Figure 19 i a[‘): rtial ersfpeﬁtlve
view of thef BAHEassembM USHIERIAGE 8oy HISHAHR theBSREPRss ol LR el hEthe
carriage aessablyl g 2ndugud Dot Figemecd0 coapdeview of the carriage illustrating the
relationship between the second barrel coupler and the second carriage coupler; 5 Figure 21 is a

partial topﬂcosus seecgonalsvi%w t(z:;lrl_(gg Saloggcqfri% rI%Blof I}glél\ﬁ 2 ‘Q&'(Setha“%? (t)r}]e reﬁiﬁgshﬁbe}\{ygen the
first barrel cp%prer and_the first carriage couplerwith a ‘spigot Ep 02218101 Hia carriage force; To
Figure 22 Elgiecrdst Ebesdiatiad takeaend line s on figlirdbelkaerad tresaatdiship

between the barrel assembly with a spigot tip nozzle and the carriage assembly for axial reactive
injection f - 15 Figyre 23 i p \nal vj a lo ne B igur
illues%atingﬁﬁglﬁjé%ti(;gr(?skﬁé begt e%?l‘t%ﬁrg?&%r?e%%%ﬁg%r ggé('rt@e%?:s%c;gr%ggﬁ %oﬁggrﬁ\?v%ﬁj) f

semisphelf BBk RFaRMP X riblbusEea bty treSef AN 1 REHRY seBHHE View taken along

line BB of figure 2 illustrating the relationship between the barrel
Figure 11 is a top view of cradle member;

15 Figure 12 is a cross sectional side view of the cradle member
taken along line C-C of figure 11 illustrating the Tfirst
carriage coupler, the second carriage coupler, the first barrel
support member, and the second barrel support member;

20 Figure 13 is a front view of the cradle member illustrating the
first carriage coupler and the first barrel support member;

Figure 14 is an end view of the cradle member illustrating the
drive mount;

25
Figure 15 is a front view of the yoke;

Figure 16 is a back view of the yoke;

30 Figure 17 is a cross sectional side view of the yoke taken
along line D-D of figure 16;

Figure 18 is a partial perspective view of the barrel assembly
and carriage assembly 1illustrating installation of the barrel
35 assembly within the carriage assembly;

Figure 19 is a partial perspective view of the barrel assembly
and carriage assembly illustrating the barrel assembly
installed in the carriage assembly;

8



assembly with a semispherical tip nozzle and the carriage assembly for axial reactive injection force;
25 Figure 25 is a cross sectional view taken along line AA of figure 2 illustrating a screw located in the
barrel assembly in a first operative position; and Figure 26 is a cross sectional vie¥ talgistlangsine
AA of 30 figure 2 illustrating a screw located in the barrel assembly in a second operative position. 9
22 Augus RonfhcidBre istt@Mjekd6W mOTindhRchiRy HbagemplusEnaddig uthe
16Stationarg kéateon 8@ [amipeftavaemethizer s&iidodndpplaterl 22Aafubéar. 24idoviiige hadkeaioandhold.
26Stationq{é{|t}aiféa@ @ggfb ?g},r:jection assembly. 28Injection unit frame. 30Barrel assembly. 32Tie
bars. 34Carriage assembly. 36Drive assembly. 38Screw translation drive. 40Screw rotation drive
42Carriage actuator. 44First barrel portion. 46First barrel coupler. 48Second barrel portion. 50Yoke.
510penin bgaradihermberas3@dniad SADve oross. S5aperompal view taken along

line BB of figure 2 illustrating the relationship between the
first barrel coupler and the Tfirst carriage coupler with a
spigot tip nozzle for axial carriage force;

10 Figure 22 is a top cross sectional view taken along line BB of
figure 2 illustrating the relationship between the barrel
assembly with a spigot tip nozzle and the carriage assembly for
axial reactive injection force;

15 Figure 23 is a partial top cross sectional view taken along
line BB of figure 2 illustrating the relationship between the
first barrel coupler and the Tfirst carriage coupler with a
semispherical tip nozzle for axial carriage force;

20 Figure 24 is a top cross sectional view taken along line BB of
figure 2 1illustrating the relationship between the barrel
assembly with a semispherical tip nozzle and the carriage
assembly for axial reactive injection force;

25 Figure 25 is a cross sectional view taken along line AA of
figure 2 illustrating a screw located in the barrel assembly in
a first operative position; and

Figure 26 is a cross sectional view taken along line AA of
30 figure 2 illustrating a screw located in the barrel assembly in
a second operative position.



56First carriage actuator. 570pening. 58Second carriage actuator. 60Second barrel coupler.
62Nozzle. 64Accumulator. 66Sealing joint. 68Sealing joint. 70Elongate section. 72Mounting flange.

74Bores. 76 Accumulator end. 78Spigot. 80First diameter axial bore. 82First conceatratgus84Z¥Eond
diameter axial bore of a nozzle. 86Mold end. 88Spigot tip. 90Semispherical tip. 920pening.

irst

all,

940pening2 age member. 98Thermal isolator. 99Linkage insulator. 100Bore.
102Threaged wres. (Hj4Etaogaie AP mat@$idreaded bores. T10Second Concentrator. T12F
accumulator diéimetefrlbmreumlﬂBore 116Second dlameter bore. 118End wall. 120First end wa
122Bore. 124SEbond DAL,

18 | Clamp frame member

20 Moving platen.

22 Actuator.

24| Moving half of a mold.

26 | Stationary half of a mold.

27 Injection assembly.

28 Injection unit frame.

30 Barrel assembly.

32| Tie bars.

34| Carriage assembly.

36 Drive assembly.

38 | Screw translation drive.

40 Screw rotation drive

42 Carriage actuator.

44 First barrel portion.

46 First barrel coupler.

48 | Second barrel portion.

50 Yoke.

51 Opening

52 | Cradle member.

53| Opening

54 Drive mount.

55 Opening.

56 First carriage actuator.

57| Opening.

58 Second carriage actuator.

60 Second barrel coupler.

62 Nozzle.

64 | Accumulator.

66 | Sealing joint.

68 Sealing joint.

70 ElTongate section.

72 Mounting flange.

74 Bores.

76 Accumulator end.

78 Spigot.

80 First diameter axial bore.

82 First concentrator.

84 Second diameter axial bore of a nozzle.

86 Mold end.

88 Spigot tip.

90 | Semispherical tip.

92 Opening.

94 Opening.

96 | Axial force Tinkage member.

98 Thermal isolator.

99 Linkage i1nsulator.

100 Bore.

102 | Threaded bores.

104 ElTongate section.

108 Threaded bores.

110 Second Concentrator.

112 First accumulator diameter bore.

114 Bore.

116 Second diameter bore.

118 End wall.

120 First end wall.

122 Bore.

124 Second end wall.

126 | Side.

128 | Cylindrical connector.

10



10 22 August 2005 130Flange. 132Bores. 134Second opening. 136Second end wall. 138Liner.
140Feed throat. 1420uter barrel. 146First opening. 147Axial bore. 148Second carriage coupler.
150Second axial force linkage member. 152First carriage coupler. 153Engagemezt riegnber2005
155Support surface. 156First carrlaqe stop. 1588econd carrlaqe stop. 1GOScreW t||o 162Check valve.
164Reciptocatitiy/scid@P g8 dy. . 2
housing. 174Fisst NSedorREepethivise axiatopening: LIOFHbwaHdQCLUUMCIJDUOUppUﬁVV b.
182Upper| carigge nsentver.crédveher carrlaqe member. 186Support Web 188Upper carrlaqe
member. 19013 o

support. 19883 X
146 First openlng

147 Axial bore.

148 | Second carriage coupler.

150 | Second axial force Iinkage member.
152 First carriage coupler.

153 Engagement member.

155 | Support surface.

156 First carriage stop.

158 | Second carriage stop.

160 Screw tip.

162 | Check valve.

164 | Reciprocating screw body.

170 First carriage actuator housing.
172 Second carriage actuator housing.
174 First end.

176 Lengthwise axial opening.

178 First carriage coupler.

180 Support Web.

182 Upper carriage member.

184 Lower carriage member.

186 | Support web.

188 Upper carriage member.

190 Lower carriage member.

192 Upright wall member.

194 | Upright wall member.

196 First support.

198 First coupler member.

200 | Second coupler member.

202 First coupling surface.

204 Second coupling surface.

206 | Second support

208 First coupling member.

210 | Second coupling member.

212 First coupling surface.

214 | second coupling surface.

216 Support Gussets.

218 First barrel support member.
220 Second barrel support member.
222 First upright standoff.

224 | Second upright standoff.

226 First upright standoff.

228 Second upright standoff.

230 | Yoke mounting surface.

232 Barrel first coupler opening.
234 | Mounting surface.

236 Threaded bores

238 Opening

240 Front face.

242 Back side.

244 Left side.

246 Right side.

248 Opening.

250 Central axial bore.

252 Barrel seat.

254 First yoke support.

256 Supporting surface.

258 | Second yoke support.

260 Supporting surface.

262 Retaining plate.

11



204Second coupling surface. 206Second support 208First coupling member. 210Second coupling
member. 212First coupling surface. 214second coupling surface. 216Support Gussets. 218First barrel
support member. 220Second barrel support member. 222First upright standoff. 223 Secpisd 14H0ght
standoff. 226First upright standoff. 228Second upright standoff. 230Yoke mounting surface. 232Barre
first coupler opening. 234Mounting surface. 236Threaded bores 2380pening 240Front face. 242Back
side. 244l eft side. REBRERIdE2AROPENDYY . A50TeBtrBREKERRER. PEBBAHEMNESIS54First yoke
support. 256Supporting surface. 258Second yoke support. 260Supporting surface. 262Retaining plate.
11 22 August 2005 DETAILED EE%CRLPTION OF THE PREFI%_%?LFDEMBOD%MENT{&) An _
embodimeM? ofROAVEGTh QEnikaf JAVRBEA Prelthg BRE I LSRG RES Lt iftion
molding m&ehifd qyoreerally indithedd ak Lbusticaitjesticarmoldingetachineninbilidig asaipnait,
indicated gfekva FRIISPNNRSEALARG Seited 1@ an injecHan Uiij Bwicpded ahddding machine
includes a clamp unit, indicated at 12, interconnected and
secured to an injection unit, indicated at 14.

10 A stationary platen 16 is fixed to a clamp frame member 18 of
the clamp unit 12. A moving platen 20 is operable between an
open position and a closed position through an actuator 22.
Those skilled in the art appreciate that the actuator 22 may be
either hydraulic, electric, or a combination of hydraulic and

15 electric actuators. A plurality of tie bars 32 extend between
the stationary platen 16 and the actuator 22. A moving half
of a mold 24 is mounted on a face of the moving platen 20 and a
stationary half of a mold 26 1is mounted on a face of the
stationary platen 16.

20
The clamp wunit 12 of figure 1 1is a two platen clamp.
Alternatively, the clamp unit 12 may be a multi-station clamp
unit, for example a stack mold carrier, having more than one
moving platen and more than one mold. Alternatively, the clamp

25 unit 12 may be an index clamp unit having a rotating multi-face
turret block in place of a moving platen. Alternatively, the
clamp unit 12 may be a tandem clamp unit having two molds
operated in seguence.

30 An injection assembly 27 is mounted on a iInjection unit frame
28 of the injection unit 14. The frame 28 typically houses the
control system, electronics, and power pack. The 1iInjection
assembly 27 further includes a barrel assembly 30, a carriage
assembly 34 for supporting and securing the barrel assembly 30,

35 and a drive assembly 36. The drive rotates a screw to create a
melt of material and feed the material forward in the barrel
into an accumulation zone. The drive also reciprocates the
screw to inject the melt of material into the mold.

12



10 A stationary platen 16 is fixed to a clamp frame member 18 of the clamp unit 12. A moving platen
20 is operable between an open position and a closed position through an actuator 22. Those skilled
in the art appreciate that the actuator 22 may be either hydraulic, electric, or a coz@bMeatict F005
hydraulic and 15 electric actuators. A plurality of tie bars 32 extend between _the stationarﬁ platen 16

and the adt6dBF 53NA ingtRaif bBK Ffold 229mbARidEN%: fabB® T thelvBviA§ PRRE Y0 3d a
stationary inalf bteathed 28esoralmnted on d facarof énb cthitneaty dftetHs. 30Vdettamp uthd 2 of

figure 1is @ NAPIAenMATY- PHEIAIYE My Hh CIRAA 1 §E MAYP 1 Sei-Plation GiyRenalt. for

example a stack mold carrier, having more_than gne moving platen and more than one

mald.
Alternativébly, e 8‘é{m§§%qﬁl|taﬂ y HE LYSnde& cﬁﬁ%/dﬂfﬁaﬁﬂg!otéﬁmﬂ%ﬁnﬁa@eg tuﬁé‘? block
in place ofsg newingnaititeahaitehativelfhte besngluritssemalbe3®tandémsgaiay unatatiketwo
molds opefpigdin 2gNuGRsea B8N FHRCtiasaseMighic isSReWNSd an&ifiRCtiQmENit Fapie B8 of
the injection_unit %f Tlgpgfram %g tyé)icrall\x h{gol%a%s 16 E:gntro si/\s/t6enhgleﬁ:tsrorrl]ic%rranu Rower rPcfle'
The injectOR>Sosenbly 27 furt er includes a barrel assembly 30, a carrla?e as%n]tﬂy 4Sor
supportindtifd K@ity fFrrtsdianhssiNg 38035150 ded 86#d Assembylds Matdivel otatddh g

screw t% cordioe el plimajeriabang feackbihg ma}eriailﬁclrwar?dn thedmqyiigd tietyanebsgndiaion
zone, The dri iprac t inie igljn st
008 Rerd A AL RFCE FE e O RO ol ATy A e !

embodimett betheihEBRth, B kARMIEMBIPInERIRY bovh Fi\Fabfid Hd ERERTISmpsHefRs. A

screw trandlation drive 38 provides axial movement of the 5 screw (not shown) in the barrel assembly
30. A screw rotation drive 40 rotates the screw (not shown) within the barrel assembly 30. The screw

translation drive 38 is hydraulic the screw rotation drive 40 is electric. Alternatively, the = _
nT?me barre assemal:)npy 30 1S mounte ané securefy retalneé within

15 the carriage assembly 34. The carriage actuator 42 extends
between the carriage assembly 34 and the stationary platen (see
Figure 1). Operation of the carriage actuator 42 moves the
injection assembly 27 towards and away from the stationary
platen for locating the end of a nozzle into contact with a

20 sprue bushing.

Referring now to Figure 3, the injection assembly 27 is further

described. The carriage assembly 34 includes a cradle member

52, a yoke 50, and a drive mount 54 for mounting the drive
25 assembly 36 (see Figure 1 and 2).

The barrel assembly 30 includes a first barrel portion 44, a
first barrel coupler 46, a second barrel portion 48, and a
second barrel coupler 60. The Tfirst barrel coupler 46 is

30 disposed on the barrel assembly 30 and interlocks with Tfirst
carriage coupler to secure the barrel assembly 30 1iIn the
carriage assembly 34. The first carriage coupler is formed
intermediate the yoke 50 and an end of the cradle member 52 to
be described later.

35
The location of the first barrel coupler 46 defines a first
barrel portion 44 and a second barrel portion 48 of the barrel
assembly 30. The first barrel portion 44 is a section of the
barrel that is capable of withstanding injection pressure. The

13



drive could be completely hydraulic or completely electric. 10 Activation of the translation drive 38
axially reciprocates the screw without rotation of the screw by the screw rotation drive 40. The barrel
assembly 30 is mounted and securely retained within 15 the carriage assembly 328 Fagusdrrk§e
actuator 42 extends between the carriage assembly 34 and the stationary platen (see Figure 1)

Operation¥F 8 earkadd 8diuRBF E3QRovES thkS inf ciRAFIAIM ORI 73R aRR iR avkAfort the
stationary igatesnted lofating the el of enuezle ibwttontdwt witk Ba PO spruel bigghinbp Rederang now

to Figure F{Be pigstionasseri 27 s duthe)n dgsihed. The carriage assembly 34 includes a

cradle member 52, a yoke 50, and a drive mount 54 for mounting the drive 25 assembly 36 (see
Figure 1 and 2). The barrel assembly 30 includes a first barrel portion 44, a first barrel coupler 46, a
secdnd baflet pseioans, aadrl secdidl Bgral teppleed0 orhethst Isaealinbuprr uelis PO Kkw3ed on
the barrgl AgseanRly %@rﬁﬂgﬁﬁ@é@élés Wi_iktﬁrsh C%@@_@ﬁ&%ﬂ'?ﬁ%@%‘?u&mﬂ BTe GeaRRly3 in
the carriage gg@grpbl 3(’14' g e _I:IF]S'[ carr[lgtg? C(él#%ﬁ%lsrfo ed mtg{,m (F]l%te oﬁl(i \y(e)k?n c5)0 a dgg end of
the cradle Thember 5215 b8 testrbed 18R &3 e focatiér of 178 first Barrel coupler 18 JefiRes a first
barrel portiéitad ahact skeenEES8IhoRAMABS th8 bafel thsediyred. TsIREIM reBBorfitn 44
is a sectiogid tha-dple! Hasdimpdgatsea of wikheipndiopuajbgtiahpressgend heolig PAEDISHZP05

second barrel parti s jon o I is, . jsolated f ialforces, hath |
ca(r:jr%jge f?)sr(c':?e g(rié Btﬁ% a%a??é%@%%ﬂ inftqcti:ﬂ(ger%?a@%@ecgﬁg @g&gl)érﬁ (?JO ié&ﬁsp%géeg}gﬂiﬁb?
second baH¥ peRNAstar &dmPRAKEREs 4tk a second carriage coupler located at another end of
the cradle member 52, near the drive mount 54, retaining the second portion 48 of the barrel

assembly $dn B¢ Fiae ageemhvort £3eirinehebese6ai¢ Ce¥PIRYBPMAic actuators
indicated as 56 and 58. One end of the first carriage actuator
15 56 connects to one side of the carriage assembly 34 through a
conventional fastener such as a pin (not shown) through the
openings 51 and 53. The other end of the fFfirst carriage
actuator 56 connects to the stationary platen (see Figure 1).
One end of the second carriage actuator 56 connects to a second
20 side of the carriage assembly 34 through another conventional
fastener such as a pin (nhot shown) through the openings 55 and
57. The other end of the second carriage actuator 58 connects

to the stationary platen (not shown).

25 Referring now to Figure 4, a cross sectional view of the barrel
assembly 30 is now further described. The barrel assembly 30
is shown mounted within the carriage assembly 34. The barrel
assembly 34 includes the first barrel portion 44 and the second
barrel portion 48. The first barrel coupler 46 is disposed on

30 the barrel assembly 30 and defines the boundary between the
first barrel portion and the second barrel portion. The second
barrel coupler 60 is disposed at an end on the second barrel
portion 48. In this embodiment, the first barrel coupler 46 is
integrally formed on the first barrel portion 44 and the second

35 barrel coupler 60 1is formed onto the outer surface of the
second barrel portion 48.

The first barrel portion 44 includes a nozzle 62 and an
accumulator 64. The nozzle 62 is mechanically secured by a
14



10 be disposed between the first barrel coupler 46 and an end of the second barrel portion 48. The
carriage actuator 42 includes a pair of hydraulic actuators indicated as 56 and 58. One end of the first
carriage actuator 15 56 connects to one side of the carriage assembly 34 throughka Aognentikagal
fastener such as a_pin (not shown) through the openlnges 51 and 53. The other end of the first carriage

actuator 5B HehAaddEYo Bk STARKRIG bRitckP(s88 Fglte OF cHeerRGGUYRY Laterd &ftriage Huator
56 conneat ird se6@nd:2a kxleadf titb eayaDestasse mbitB4 threughdnotheticoneadiomal dasiener

such as a gin 1@9&6@%%@rqmgr&eow'm%%anﬁha%ﬁm othepgnd, f e $RGPEASRMaRe
actuator 58 co%Eects to th stationar % aten (not sbmﬁ/n 25 Refg% qiﬁfw to Flaure 4, a cross

sectional I8t ¢he Barré@ dggb?nb is ﬁE'W firthe delgerr fed frrel¥ss %‘3‘7‘58 is §bwn
mouhited Wigim it &agiage BkowmdE 31k Mhedhar el gageehasty Barincluddsttenfativartyl potiien 44

and the seepg1bares! PREion£3 uHTeHISy bYIGERISOHMNEF Sh'S WirpRrsathen BaHieparsissspmply 30
and defln the boundary between the first barrel portion and the second barrel portion. The second
barrel coup%r 60 is disposed at an end on the second barrel portion 48. In this embodiment, the first

barrel coupler 46 is integrally formed on the first barrel portion 44 and the second 35 barrel coupler 60
is formed ghl® thg@@@ﬁfcsurbaeneélhe @@ctridnbarmeporiign 48. TiFedicst bagietoriionaHdincliiges a
nozzle 62 T | Y §o1 Igééqus 05
pluz%?hty o] agt(;%?sg t%l %r F?thee ac tor Eﬁmﬁ%g/a n%jfz?a%ezfségtgat t j%ﬁngt tr%t 8é end

of the acc@hulbis @&E%%Hﬂﬁ&fea%ge ofﬂh@lte’%ﬁﬁ%’ﬂ?nap@l'rf 2lialKE et 30588 kS afidn
with an axighéojoaitbhe @@ cartulbher Githeermittthgoef fldnef aaticwiatojectdn. Alemaixetyl the

nozzle 62 E%?%“’B‘F%ﬁ%”%&@gﬁa VA P8 PaRGHRTSRIMAY 301 FHRsSarPRA bﬂﬁ’@' BX{'q¥ 4807 & feed

section and is 10 mechanic securedb lurality of fasteners to another e
01l %h accumu tor per%lt%m y ow of melt {‘rom the second

15 barrel portion 48 to the accumulator 64. In an alternative
embodiment of the invention, the Ffirst barrel portion 44 and
the second barrel portion 48 are of unitary construction
without the joints 66 and 68.

20 Referring now to Figure 5 and 6, two embodiments of a nozzle 62
are described. The nozzle 62 has an elongate cylindrical
section 70 extending from a mounting flange 72 to a mold end 86
of the nozzle 62. The mounting flange 72 is cylindrical and
formed integral to the elongate cylindrical section 70. The

25 mounting flange 72 has a diameter greater than the elongate
section 70. The mounting flange 72 includes a plurality of
spaced apart bores 74 for receiving mounting bolts (not shown).
The accumulator end 76 of the nozzle 62 includes a spigot seal
78. The spigot seal 78 is cylindrical and extends outwardly

30 from a side of the flange 72. The nozzle 62 includes a melt
channel made up of a first diameter axial bore 80, a Tfirst
concentrator 82, and a second diameter axial bore 84. In
operation during injection, the melt channel receives the melt
from the accumulator through the opening 92. The melt travels

35 along the melt channel in the nozzle 62 and exits the nozzle at
another opening 94 en route to a mold.

In a Tfirst embodiment of the nozzle 62, the mold end 86
includes a spigot tip 88. The spigot tip 88 is cylindrical and
15



of the accumulator 64. The second barrel portion 48 seals at the joint 68 at the other end of the
accumulator 64. An axial bore of the second barrel portion 48 aligns with the axial bore of the
accumulator permitting a flow of melt from the second 15 barrel portion 48 to the a2céngulstoP@k In an
alternative embodiment of the invention, the first barrel portion 44 and the second barrel portion 48

are of unitﬁ?ﬁ@dﬁ%%ucﬁﬂﬁ%it@out(iﬁ@ﬁ)chfﬁeéﬁiéﬁd’ 68CYd R FRhoWRI Bigute 5 dhd SRS
embodimdnishiagoazie®t2 siewe3cribed. Thieghdzzls<a!l iag areelgagatescytindretivessatiobh £
extending frofya gigyntiag flajoe 7Rdo aBKIienda6 ghthe gagzleba-dhe ARG flapasfg is
cylindrical and formed |nt1§gral to jqe el%nﬁnateg%glm ical section 70. The 25 On%Euntlné;_ﬂan e /Zhasa
diameter g'r@&f%?'fﬂé’r?th% elt%d%? Gfoagera unﬂﬁb fPé’r?greaﬂ HitudedEa |§I i oft§Baced
apai boreS8&4 s retoivisd htbungingsissitbingt shogayemas ticountihatckiend 2e0P et 32

includes aspigeiceprt B hBFSPIgnt seak 7 Sisraydindsisahang extendseoudyatiht 3G Fpmassigesof the
flange 72. The notz€l%|6% includes a %It channel. m deHQ of a first dlz);lm(?jlter axial bore 80, a first
0 g% ct ﬁo e e DUshi

concentra%?'ggf and A Setond ' Giametet axiabore 84°1n ope?ﬁl%lﬁ during m?e%tion, the melt channel

receives the melt from the accumulator through the opening 92. The melt travels 35 along the melt
channel inthe rpzzearmnd exitdthenesrzle af anpiberepeang 942 rotite tomondld.dnc figs
empodim ozzle ' SRigot tip T ' ' i$ cylindrical
andke 815 2?&‘831%% ZQ'O(% e&%n\%}é%r?}gég] Egﬂﬁé;r%g%%ﬁ/egmd%%gl bo-rﬁeﬁ% aggpr;ﬁrﬂe §£hi?§8 ?r)o)éi own)

for tight sefinFBAGEGEMEht GEMREHNGR LAY SA86'E thesih 36X BRa theP8508MistiRg Buring
injection ofpmmelt biushiengl. (mogerstionnthe Epigotigbht88seal sinjneg seagenemdgageetemntarith the

complimerigsy RUiNgricah§orgdn the Skie bHBE!EileT*&SpESA%“Ptﬁ%iss%?fﬂétt%@r{“q}'@ﬁ’iﬁ?f
respect to the égru.e bushing. In a second embgdiment of the nozzle 6 ,nthe mold end 86 10 {r?]ceudes

a convex SSHRHRAARG i980. Fhe dBfifidpnefial ipaterial. operation,

15 semispherical tip 90 is in force sealing engagement with the
complimentary concave semispherical opening in the sprue
bushing.

Referring now to Figure 7 and 8, an accumulator section,
20 generally indicated as 64 1is described. The accumulator
includes an elongate section 104, and a first barrel coupler
46. In an embodiment of the invention, the coupler 46 includes
an axial force linkage member, indicated as 96, and a thermal
isolator, indicated as 98. Alternatively, the coupler 46 may
25 include a linkage insulator 99 which is an axial force linkage
member 96 integrated with a thermal isolator 98. An axial melt
channel extends through the accumulator 64. The axial melt
channel includes a Tfirst accumulator diameter bore 112, a
second concentrator 110, and a second diameter bore 116. The
30 first accumulator diameter bore 112 aligns and connects with
the Tfirst diameter bore 80 of the nozzle 62. The second
diameter bore 116 aligns and connects with an axial bore 147 of
the second barrel portion 48 (not shown). The volume defined
by the second diameter bore 116 (which defines an accumulation
35 zone) determines the maximum available shot size for injection
into a mold.

The accumulator 64 is substantially cylindrical with a suitable
wall thickness (between the outer surface of the elongate
16



90 engages a complimentary concave semispherical opening in a sprue bushing (not shown) for tight
sealing engagement between the mold end 86 of the nozzle 64 and the sprue bush during  injection
of a melt of material. In operation, the 15 semispherical tip 90 is in force sealing @2gageus€&n2Q®ith the
complimentary concave semispherical opening in the sprue bushin%hReferrin now to Figure 7 and 8,

an accumSafd KRticH 2 0a5the G indftedches el destRpat FREERBAMMBES} iRIRRRUE

_elongate sdméo_n 164, ai*_rmlj@ﬁllsidmrrebmhp!area&ﬂh\m ermhgeiotErdof _thﬁdmzer_ltio_n, thercoualer 46
includes ik, ga} iRsrflInkape mgraber; idisaigdas 96¢ARd afhgrnal ¢aglajgieladicatpd asgdi
Alternatively, the coupler 46 may 25 include a_hr‘l%(aﬁe insulator 99 which is anfmal force linkage
member GBGRUBIRBHANE4 Lo FETRoM BANR SR P ErGARAIaUEdOR T Sugh the

accudmulator 64. The axial melt channel includes a first accumulator diameter bore 112, a second

concentratiid 100204 @ 52086 GBS Pereahlendhe il ¥rst agcyFulpies dirpatal PRte k18 4ligns
and conne&t]srwith th%ﬁirst{jiameter eOSP o{the nozzlelgzgi'ue ser]‘.%nd diameter oriljl_éGg ns

and connects Wit an 5xial bore 247 dr°th@ secgr?d bFé portion"48 (nofe sh%vv%) \.N"I:‘klle volume defined

by the secbi@ dRghtieH bt 1S AvHas dEfies @ adoiralidton oF zdhdardegniRed afe h8Zmum
available stiqé sizplfengdectiop irdd a rehlsl. Theachemudator fAdd guesiantiallyoeindgpaiding
suitable | thi t uter sur, f (2[?9?& 005,sectio 4
an(?t};le m Itléfﬁgrﬁg togbvﬁit\fggs((:')tz%g| r?r%'pre?guiﬁé%e dﬁﬁog fﬁ%ectlon%g:r}gt rﬂe%a?[ji.‘l\(/geg%‘}e%ct?.fﬁ feg%:eﬁ#)an

embodimet S THE AbBRt R4 thBYvak BficKARES D! thE RedmiRIGasetulAESwit¥8and aXiae
carriage fdvoees Thd nenzldb@ cacceots tlatorenddvadkl k8fofcbeptementdeoycdiameter to

tightly receive the spigot 78 of the nozzle for sealing
engagement between the nozzle 62 and the accumulator 64.

15 Alternatively, a seal may be installed to prevent leakage
between the nozzle 62 and the accumulator 64. Heater bands are
conventionally secured to an outer surface of the accumulator
64 and the side 126 of the coupler 46.

20 In an embodiment of the invention, the coupler 46 is integrally
formed on an end of the accumulator 64. Alternatively, the
coupler 46 may be a separate component retained or secured to
the accumulator 46. For example, the coupler 46 may be welded
to the outer surface of the accumulator 64, or threaded to the

25 accumullator 64. Those skilled In the art will appreciate that
any retained or secured connection must be designed to
withstand axial forces.

In an embodiment of the invention, the coupler 46 includes an
30 axial force linkage member 96. For the embodiment illustrated,
the axial force linkage member 96 1is a pair of outwardly
extending members integrally formed on the first end wall 120
of the coupler 46. Alternatively, the axial force Ilinkage
member 96 may be a plurality of outwardly extending members, or
35 a plurality of standoff posts, or a cylindrical ring member
that may be integral or separate from the coupler 46. In
another embodiment of the invention, the coupler 46 includes a
pair of axial force linkage members (150, 96, see figure 21 and
figure 23) disposed on the first end wall 120 and the second
17



through the flange 72 of the nozzle 62. The end wall 118 of the accumulator 64 includes a plurality of
threaded bores 108. The flange 72 of the nozzle 62 includes a corresponding 10 plurality of bores 74.
Bolts interconnect the nozzle 62 to the accumulator 64 by the bores 74 and threafedimust 2085 The
bore 114 in the accumulator 64 is of complimentary diameter to tightly receive the spigot 78 of the

nozzle for'%@hind Zhdafekiht BRURI&T tHtnozzle 62 and the accumulator 64. 15 Alternatively, a
seal may be installed to prevent leakage between the nozzle 62 and the accumulator 64. Heater

bands are-l-ﬁ%%\éentngqliyl égcur?q to ﬁﬁé)utgrrs'y rfq\ppqu thg&g‘:é@%@r Gflh%ﬁpl th@rﬁ'de é.ggég the
coupler 46. 20 In an mbodlmentof he gventlon th couplegfgls mteﬁﬁ;raII#/ formed on jn end of the
accumuladP 841 Rliehatli&s, M &E\fpl O Fhal WEALE IRIPEmABnart Eisn&PHPIEN S to
the &ccumitateudd) Fbo exantpietanrdcotipier nequay 6d waidel tofiheanser sulfaceadithtion,

accgmulat,g|§éem@;lpfeagqu_ terie ?é@%m‘f@i@em-ﬁhﬂ’éﬁg@(i“%ﬁfb@\e aggvillgppregigte thayy any
retained or securgd connection must b desg;peii to Wghst%nd
Vi eiflc istri

ro AN eVen . sSVmm A @X{ai forces. In an embodiment of the
invention, RS cou&er H6 ety

axial force ﬁlnkage héfbe! ¥8: For the embodiment
illustrated, the axial force linkage member 96 is a pair of outwardly extending members integrally
formed onabedirsteniveal 1 2@y thoopupler 46 Atieynalineljuthe axialéoreadinkade ImeFolpeicd6
may pe a plurality. of y exteng b urgli ndnff po cylindrical
ring¥or?1eml?eirjﬁﬁ%(rgna%}ﬁﬁ%?eg?g%rcésga%igfr?rﬁ ?E'g%%l?éﬁr jé%él{aér%trggr e%nl%%%ﬁr?t o%ﬁg’e
invention, e dodiér 28 il SO RIEI of*8xal force linkage members (150, 96, see figure 21 and
figure 23) disposed on the first end wall 120 and the second 17 22 August 2005 wall 124 of the coupler

46. Those ﬁgill%in_m& w]i]léﬁ[iprqqatem@t tt;_ﬁ\(;éq@@_i éﬁgtio:ﬁl@r%&féhe fpg;eclg;pkq%%@er 96
of the cou ler46 51 ucp to wﬁwstang tr%% er}(-:'r(;.]anljllrled IB.%((I)ai ;otrg'gs. In grqgliggh pla.l(:r%ﬁeé\’o;l %1; H1eaasx|al
force linkaBETRERbOFoGHBCHUHES . y
15 98. For the embodiment illustrated, the thermal isolator 98 is
integrally formed on an end of the axial force linkage member
96. By minimizing the cross sectional area of the linkage
member 96 for contact with a first carriage coupler (not shown)
in the cradle member 52. In operation, the thermal isolator
20 reduces the conductive heat transfer from the hot accumulator
64 and the coupler 46 to the cradle member 52 and the yoke 50.
Alternatively, the thermal isolator may be separate from the
axial force linkage member 96, or may be a coating, or may be a
different material for reducing the conductive heat transfer.
25 The thermal 1isolator is disposed intermediate all contacting
surfaces between the First barrel coupler 46 and the Tfirst
carriage coupler. Those skilled in the art will appreciate
that the thermal isolator is such to withstand the required
axial forces.

30
The nozzle 62 and the accumulator 64 together form the first
barrel portion 44 of the barrel assembly. The Ffirst barrel
portion 44 optionally includes a liner or protective coating to
protect the melt channel from abrasive and corrosive materials.
35

Referring now to Figure 9 and 10 , a second barrel portion 48

iIs described. The second barrel portion 48 shown is a feed

section of the barrel assembly 30 and includes an axial bore

147, a First opening 146, a second opening 134, and a feed
18



provide an even symmetrical load distribution. Alternatively, the coupler 46 may include a second axial
force 10 linkage member (or linkage insulator) located on a second end wall 124 of the coupler 46. In
an embodiment of the invention, the axial force linkage member 96 includes a theanaligssittdp05
generally indicated as 15 98. For the embodiment illustrated, the thermal isolator 98 is integrally

formed ontgH 8AE oflth@ -axidlfkes halafEehheEnss. B5GAMMRRAGENE LGS HetiBHIMER®T the
linkage mEedzkr $6 faadontbtOwith afirsicaaenwagénotiplengaot)showspaséte ciadlethemdaeid §2. In

operation, jge dheimal ISQIatopo0 reglicesiReHONIPCIFS RRAFariFer i 1hg Do agsypa-iafar 64

and the co!l_ég)ler 46 to the cra(ile membper 52 and the yoke 50. Alternatively, the thermal isolator may
be separa R the 2554 M @etﬁ’ﬁka%%'member 96, or may be a coating, or may be a different
matérial for reducing the conductive heat transfer. 25 The thermal isolator is disposed intermediate alll

contactingr gerfagasdiRiwean i firsblparielrousle 46 andshafiisi Aaes AquRlips daPse peed in
the art will ap recjtat% Ithat th(i iherrplal isolator isﬁ?])uc to With%ﬁnd the required %xial forch. 0 The
able el L e 0 e

nozzle 62 AncPtht Becumuliior 641506(5:1 8F fotm Y&t SBhrr Bort?ounf of the baHal adsen y. The

first barreleponiaate opgdidtY inal0des BNRer ¢ badtech@d oatldy to dEdERIthedelthdibEfrom
abrasive agidgiob)etvaigiitlss Bamefgrriegsioretoddgeopedd dle atsgconshpateipetiamds is
descyibed d el ipn Is a feed -sacti the b a§1s§€1b -

inc l(JE(Ijes a%-%?gﬁﬁg; fﬁ? aﬁé)sét%gﬁgr%ﬁgqﬁ@ a s_ecg‘r?(d‘ %%%nﬁ%?%?)@f a? a feed 18 %%J%%%QZOOS

throat 140CRIR86H S sIRERERGPERD P FHB8OgHhe feed throat 140. A screw (not shown)

disposed in the axial bore 147 conveys the material forward in the axial bore 147 towards
accumulatph84.Qcond barrel portion 48 optionally includes a liner 138
installed within an outer barrel 142 to protect the barrel from
15 abrasive and corrosive materials.

The opening 146 permits the installation and removal of a screw
(not shown) within the axial bore 147.

20 The second end wall 136 of the second portion 48 connects to
the coupler side of the accumulator 64 through the flange 130.
The end wall 120 of the coupler 46 includes a plurality of
threaded bores 102. The flange 130 of the second portion 48
includes a corresponding plurality of bores 132. Bolts

25 interconnect the second portion 48 to the coupler 46 by the
bores 132 and thread bores 102. The bore 100 in the coupler 46
is of complimentary diameter to tightly receive the cylindrical
connector 128 of the second portion 48 for sealing engagement
between the coupler 46 and the second portion 48. The bore 122

30 in the coupler 46 is of complimentary diameter to receive the
flange 130. Alternatively, a seal may be installed to prevent
leakage between the first portion and the second portion 48.
The second diameter bore 116 of the accumulator 64 axially
aligns with the axial bore 147 of the second portion 48.

35
A second barrel coupler 60 is formed on an end of the second
portion 48. The second barrel coupler 60 includes at least one
engagement  member, indicated as 153 for complimentary
engagement with a cradle engagement member for preventing

19



The second barrel portion 48 is substantially cylindrical with a suitable wall thickness (between the
outer surface of the elongate barrel and the axial bore 147 acting as a melt channel) to withstand
pressure developed due to compacting and 10 sheering the feed material. Axial fé&dsigweth@ddirected
through the second barrel portion 48. The second barrel portion 48 optionally includes a liner 138

installed wWitkR&A 80ad barravemeRbrotedd the®ifrel iR e abrdsSeeBREX orrcie ntHERRE. The
opening 14peeratisitiz instal@itoroandoEmthal ofeaisenew(ifiodt sebwwhvithin thezebaal bbentiés’. 20

The seconghendwall, L3t pHHILIFSFOAL PAFIAD 485 OBRECH: e INCSPHPALSIdS T fiSACErRmyRior 64
through the flan%j: 130. The end wall 120 of the coupler 46 includes a plurality of threaded bores 102.
t

The flangé)fg(f HROLIANY ﬁtﬁﬁon 48 includes a corresponding plurality of bores 132. Bolts 25
intergonnect the second portion 48 to the coupler 46 by the bores 132 and thread bores 102. The bore

100 in the HQUR{HMQ%QHW@HWQW%@%GEtofﬁ@théfﬂ?& gEyYindhisal CQB@GCE 148 of
the secon%)i)o tion 48 for sealin enrgagement %%tween tpe coug er46 and tq_e second portion 48. The
%Et e on e urt 0 % lﬁ

bore 122 herceo%e[ﬁ—:'sr 467 (g}'complimentary diameter fo réteivethe flange 0. A %Fnra%i!/ély, a

seal may Hd kRrarREk¥¥ventheakage 2eemest thaeihigiortibaindidye SR omNporlidiagdkyie
second dighersdeied 16 méithaccunaratos 64gixdaliye alignsrwita thesdial oore 447« lieeecond
poriion 48 ba %Ler ' m n the s rti Th ond
bar%((gl cougﬁe%r Q&ﬁ%ﬂgés a%ﬁebast one %%é%%%mg%gme%m?@egr,ag%icagteﬁﬁ %g?or%})é% |m<-:§1r?(a§lrE

engagemeétiWitWa &bIdR)sfehidd biabr bvasit b2 fAegust b netafGrarar
movementvbiethe balreaassknfiripB0 theing reptratiass eotalign ahtheastigm {mgt shbensedentdr

bands arg,g¢peNtigapibs SFCWET 5 CRNHELIHIRCEY HP PFEORd RAfHpOrtion 48. 5

15 In an application of the machine where the melt of material is
a metal iIn a thixotropic state, for example, magnesium, the
nozzle 62 may be made from DIN 2888 or DIN 2999. The
accumulator 44 and first barrel coupler 68 (including the axial
force isolator) may be made from Inconel 718 with a Stellite 12

20 liner. The second portion 48 may be also made from Inconel 718
with a Stellite 12 liner.

In an application of the machine where the melt of material is
plastic, the nozzle 62 may be made from SAE 4140 steel with an

25 H13 tip. The accumulator 44 and first barrel coupler 68
(including the axial force isolator) may be made from 4140 with
a cast liner. The second portion 48 may be made from 4140 with
a cast liner.

30 The nozzle 62, accumulator 44, first barrel coupler 68, and
second portion 48 may be machined from a billet of material, or
alternatively, they may be formed by a hot isostatic pressing
(HIP) process and then machined.

35 Referring now to Figure 3 and 11, the cradle member 52 of the
carriage assembly 34 is further described. The cradle member
52 1is substantially rectangular as shown in the top view of
Figure 11. A Tfirst carriage coupler 178 is formed on one end
of the cradle member 52. A drive mount 54 1is formed on a

20



In the embodiment illustrated, the engagement member 153 is a flat recess machined on the outer
surface of the barrel. Alternatively, the engagement member 153 may be an outwardly projecting
member, or a groove, or a slot, or splined. 10 Optionally, another recess 155 engagesugugtmaoabplate
(not shown) for preventing the barrel assembly from tipping forward when released from the cradle

assembly 8REANEIniR He &eort®areX REkRn NSHEAKy WhR the driVaeasEing. 15948k 54
applicatiori ntthedmacline akesd tHeanelt tbmeataria ot atthetadinia thixaxsgihdtatet dorarxaemmle,

magnesiuglethe rOZziG, 63 maydgmade Bam BINABEHLIN£939- pater SFCURERIOEAG AN first
barrel couE er 68 (i]nCIUdm{-? the axial force |slr(])qlatorimay be ma%%oiﬁ Inconel 718 with a Stellite 12

20 liner. ThB%echhE$briGAYEIALS QB Yrade HGM 1A%Shel T Y SeelifE RS it 174R
applicatiora dfi geatiaahiog wizeréahg mzltddnalterial 3 phstibethenaskbic 62merbéhade from SAE
4140 steel with an 25 H13 tip. The accumulator 44 and first barrel coupler 68 (including the axial force

isolator) ebe Fmade fro(r:nafﬁléio wéth éﬂo%asi Iiriler. seﬁ%nd @r(]::étiora1 r48Vrgay boeurrr?%deSmomaélLMO
with a cast liRer. (Y%ﬁe nozzle %9 acEIMOETr 43:, st Bafrel coupler 63, and" 28E0nd portion %8

may be macHigEE HoReE €Mt BYmateifdIr st afainalifsl, tAeErakote PMSENY alifé isythtia

pressing @HEonepesspvhideactaciogd BuBefejringmow to Figure 3 and 11, the cradle member
52 96 the carriage assembly 34 is further described. The cradle member 52 is substantially
rectangular as shown in the top_view of Figure 11. A first carriage coupler 178 is formed on one end

of the cradi8%nehbERE2. BAIARSBUNT8YSd R mdd Bn FIT g kePEEELEEENdErRiRE
cradle membetaaguibadrivhamual 54 anclinessamgxial bbiastconaectithgalrige tisadimbly %6 an end

of a screwyigeategipop axdal-pqieyf a RAUSHPt shpwn)i NdRusEcadiags ogier 1(@iendiigg drive
mount 54 are 5 aligned about a Ion%lHJdln%l aX||§,I of t;le cradle member 52. The first carf?ge co%loler
178 and ttjleoﬁfﬁxfeefﬁo&ﬁ%ﬁ afN € of the iIrst carriage housing an

15 extends between an upper carriage member 182 and a lower
carriage member 184. An upright wall member 192 connects the
upper carriage member 182 and the lower carriage member 184.

The second carriage housing 172 forms a second lengthwise U-

20 shaped rectangular channel for housing a second carriage
actuator b58. The second carriage housing 172 includes a
support web 186 located near an end of the second carriage
housing 172 and extends between an upper carriage member 188
and a lower carriage member 190. A second upright wall member

25 194 connects the upper carriage member 188 and the lower
carriage member 190.

The cradle member 52 has a lengthwise axial opening 176
extending from the first end 174 of the cradle member 52 to the

30 drive mount 54. This opening provides clear unobstructed
access for inserting and removing a barrel assembly (see Figure
3) within the cradle member 52.

Referring now to Figure 11 and Figure 12, the first carriage
35 coupler 178 and the second carriage coupler 148 are Tfurther
described.

The cradle member 52 includes a second support 206 that extends
between the upright wall members (192, 194) at the first end
21



interconnected by a first carriage actuator housing 170 and a second carriage actuator housing 172.
10 The first carriage housing 170 forms a lengthwise U-shaped rectangular channel for housing a first
carriage actuator 56. The first carriage housing 170 includes a support web 180 28catenistes08h end
of the first carriage housing 170 and 15 extends between an upper carriage member 182 and a lower

carriage mefflbeCifga. Wieupfditdd gl mBaiRe L o2%bnnectslihe 8PpettRddaeidmbef1sXhRd the
lower carringeenginde; 184. THd sstonctaaribggdousogpd &l foriisda sacailidagthvese £ 120t

shaped regiangyigi Shansipb &y howgangteecandLaciner Al eing: Themsspndxatiage hgusing
172 includes a sup Q?ﬁqt web 186 located near an end of the second cariage hou(sg.jongaﬂz ana extends
9 n

between a 'dﬁ%r ia&@?ﬁ)émbe(fqlé%l LRE a TR {a?rizfgepﬁ]en%a) &aLen, W@'ﬁ \”éll
mensber 26194 conaectp tigogpevahkrizugnnense( 189 and &) lowe karriigesitercoepdandT he

cradle membrheP N2os IpRENYIES aaFIRTNGdup 19N dine fere the brshaRd #id ofdepigdle

member 52 to the 30 drlveemg\ountzf;fOTkH%gi)e ing provides cle({j\r unobs‘ructed access éor tfﬁrtlng

and rem0\§|:rc1)gl]J RYar stemeorly (See Figure Y Wthif thaTradie meRiber 5% Re?flérrlr?gcnow 0 Figure

11 and Figite 1X tistirstGaridaoes eounder78 b3 thEodetendrdhrrianethglerdididre Khger
described 1) §ast membex b2 indudasce $eeondrispPFait2O6 Haatiexiencsupdaveendhe upright

walj inemhgys éhﬁgo&ﬂﬁéﬁjtthﬂ"%%‘diﬁ%&%ﬁwﬁ @s H%{th@oﬂﬁi"ﬁ@e%@?%% e'n

embodiment o invention, a first carriage coupler 178 includes a first couplihg member 208 and a

I p
second caapfingth8msScens TROURLIASH SIbRac®uity nRIBES (I8 2108%dhd BakESdly 5
from the upligkiagall memibers (260, t92). Gheredt coaplrie medther 204 ibe izt B/irky coupting

surface 21g;3G theRRSPRAGCAIPHFE RS ZdNGHeeS_SERANLERIINASUEaFF2dd- 1 first
carriage coupler 178 If]orms an op«inln%a out the a
engage the thermal i1solator 98. A pair of support gussets 216
15 extend between a back surface of the first and second coupling

members (208, 210) and the upright wall members (192, 194).

The cradle member 52 also includes a first support 196 that
extends between the upright wall members (192, 194) and the
20 drive mount 54. The First support 196 is T shaped. In an
embodiment of the invention, the second carriage coupler 148
includes a first coupler member 198 and a second coupler member
200. The first and second coupler members (198, 200) extend
upwardly from an upper surface first support 196 and outwardly
25 from the upright wall members (192, 194). The second carriage
coupler 148 forms a opening about the Ilongitudinal axis to
receive the second barrel coupler 60. A first coupling surface
202 and a second coupling surface 204 engage complimentary
surfaces (153) of the second barrel coupler 60.
30
A first barrel support member 218 is formed on an upper surface
of the second support 206. The first barrel support member 218
includes a first upright standoff 222 and a second upright
standoff 224. The standoffs (222, 224) are of a height above
35 the upper surface of the second support 206 to engage an outer
surface of the barrel assembly 30 for locating the first barrel
coupler 46 with respect to the first carriage coupler 178.

A second barrel support member 220 1is Tformed on an upper
22



longitudinal axis to receive the first barrel coupler 46. In 10 an embodiment of the invention, the first

coupling surface 212 and the second coupling surface 214 engage the axial force linkage member 96
the barrel coupler 60. Alternatively, the first coupling surface 212 and the second2@oéplingtsafase 214
engage the thermal isolator 98. A pair of support gussets 216 15 extend between a back surface of the

first and setdrkRESupiify FhsnerE $XosSuREPAtd th@Qmright Ml FRGABE s PRg X elbapuprRAEdle
member 53exdeincREes aricdisippod 194G tist expenidiitetereandodfip2#6 watldnemsre¢hoR,

194) and the 2R HHVeSPRHALTF Dslirst W%&%@ﬂféh 2 1'” 283 dSmQPQi”&qﬂté’f Hass fpygntion,

the second carriage coupler 148 includes a flrs%co [éer mem a second coui?err member

200. The fﬂgpéﬂd s'é Sndjrﬂﬂﬁ)fer S (1 eﬁ@ﬁ'&’%w H?Frorﬁ%ﬁ% c&frst
support 1ggageu@ardiy srragn tfaapright weliendabess(183s804) Iphe3ecbnd cdotaiei ogupler

148 formsghaperjpgGhaut K@HP@!"UQEB@J@P@HO éeceiyq e smwblwrelwupm&o Seldishd
coupling surface 202 an(ljja econ goupllng surface 204 engage complimentary surfaces (153) of the
second bara] £& gler%B B0 A first'Barrel support member 218 is formed on an upper surface of the

second support 206. The first barrel support member 218 includes a first upright standoff 222 and a
second uprigbt Ftandall 224rFbe staugpita@2nerse are 218 heigbt ahvne 38dbengpeparifade of

the gecon 2 g r sur h ti f
barrel COL%pL?gB Z% wnﬁ%ﬂ%%%t to the first @ar%a %fg%fpﬁer F?sa%%ﬁ%”ﬁ%%??%{p é(?ﬁzrtgr%s?ﬁjiyﬂo
is formed 81 E4LpBBE 2025 16 by 8SFRRPI N 128 VRN YirSOMRRf rt Y6 Thke §€ beo ARG B port
member 220 inclUdes a fiesd llprlgllehﬁIend(ﬂEZMynd rrcdaade d adprightataid dibz2& ITheusipoatdffs
(226, 228)arepd @sheight about the upper surface of the second first support 196 to 5 engage an
outer surface of the barrel assembly 30 for locating the second barrel coupler 60 with respect to the

second carriage coupler 148.
15 Referring now to Figure 13, the first end 174 and first

carriage coupler 178 of the cradle member 52 are described. A
yoke mounting surface 230 extends between the Tfirst carriage
housing 170 and the second carriage housing 172. The yoke
mounting surface 230 includes a number of threaded bores for

20 receiving bolts to secure the yoke 50 to the cradle member 52.
The first upright standoff 222 and the second upright standoff
224 are spaced apart a distance to securely support an outer
surface of the barrel assembly 30. The cross sectional area of
the first coupling surface 212 and the second coupling surface

25 214 is selected to withstand and distribute axial carriage
force to the first barrel coupler 46. The first barrel coupler
46 fits into the barrel coupler opening, generally indicated as
232.

30 Referring now to Figure 14, the drive mount 54 of the cradle
member 52 is further described. The drive mount 54 includes a
mounting surface 234 for mounting a drive assembly 36. A
number of thread bores 236 are provided to receive bolts for
mounting the drive assembly 36 to the drive mount 54. A

35 opening 238 is provided to connect the drive assembly 36 to an
end of a screw mounted in a barrel (not shown).

Referring now to Figure 15, 16, and 17, the yoke 50 is further
described. The yoke 50 is rectangular having a front face 240,
23



The first barrel support member 218 and the second barrel 10 support member 220 form a barrel

alignment member and axially align the barrel assembly 30 when housed in the cradle member 52.
The cradle member 52 may include additional barrel support members. 15 ReferBRgrnowsto Zigaire
13, the first end 174 and first carriage coupler 178 of the cradle member 52 are described. A yoke

mounting 8urlRRek 38a&Eendédetvited efdfirsd g idst nodsing 87t asd 8 2¢6nd &aPagd
housing 1b2titteenyoke TainyraksurfaOe 430 infudss Btainbber thitkadass botes fwi 20 seeedng

bolts to segyiesie Yoke 3R futhepgpgle memiegren2. hRe firgdIpright pIRNEST 222 ANties-sepqnd

upright standoff_224 are spaced aEart a_distancE)l(t) Securely support an outerg?é%face of the harrel

assembly 9B R S KR cifdHal LfRGEY ARGrir Iifﬁ?sér r?lZ% A co™ &ﬂjp
surface 25/2ke isnsaledidtgo withdiane and@lisvfb kbaxialraatiagacivbertoife fildidacendoiler 46.

The first baieghqouplsF 462188 it e DaFgicauplei KREBEW. FReraydBqicRing aehé3bhaPrel
Referring now to Fi ure\g%4, theddrive mount 54 of,the crf?tdle q;ember 52 is further,g scriBed. Tt]e

. atsggmbigl and .. a sq(con(i pamerer. oL recelvlon)g ﬁe rre
drive moun includes’a mounting strface 234 for mounting a drive assembly 36.”A” number of
thread boreQuiskedre fovided i€ receielddg feuUrfagRin®@Thetdife ¥okembi) 3sneagearivENRount

54. A 35 opeoingd38<barovideddo samejéhendnive ASIS0hly 3prfoan ended Brsanew ofouriied in a

barrel (not: - Referring no igure 1 d 17, the y s f ri yoke
50 #tss rectaﬁggar Ia%ﬁl’g a%nt pla%tgdl% 3%%},?33%5337(?05% b%%ﬁ%gcg Z%é%eg left &diéiﬂiggaaright
side 246, PRREBokDR. ThESBKE Boe B suRisle ThekReSWBithbanrtekial cdigldstel The
yoke 50 inskaies2bdurhber af operssgsadt ionzlemirgpbdits to Fehsteaihe \arkd SDitettne Butake
mounting suriage €3G P iseCrpdlec@ember 52. The central axial bore 250 has a first diameter for
receiving the barrel assembly 30 and a second diameter for receiving the barrel coupler 46. The

coupling surface of the yoke 50 engages the
15 In an embodiment of the invention, the first carriage coupler

152 is formed by the yoke 50 and the first carriage coupler 178
of the cradle member 34.

The yoke 50 includes a pair of yoke supports (254,258). A

20 first yoke support 254 is mounted on a side of the yoke 50. A
second yoke support 258 is mounted on another side of the yoke
50, opposite the first yoke support 254. The yoke supports are
axially aligned. The Tfirst yoke support 254 includes a
supporting surface 256 and the second yoke support 258 includes

25 a supporting surface 260. The supporting surfaces (256, 260)
engage complimentary surfaces of the first carriage actuator 56
and the second carriage actuator 58 for supporting the yoke 50
during assembly of the carriage assembly 34.

30 In an embodiment of the invention, the yoke is plate steel A36
and the cradle assembly is cast from A536. Alternatively, the
cradle assembly may be a pair of couplers interconnected by tie

bars.

35 In an alternative embodiment of the 1invention, the Ffirst
carriage coupler 1is 1iInterconnected to the second carriage
coupler by a plurality of tie bars. In another alternative

embodiment of the invention, the Ffirst carriage coupler is
interconnected to the second carriage coupler by frame member.
24



second axial force linkage member 150. In an embodiment of the 10 invention, the coupling surface is
a barrel seat 252 formed between the first diameter and the second diameter. The barrel seat 254
has a cross sectional area to withstand and distribute axial carriage force. 15 In &2 efmbaskn#8050f the
invention, the first carriage coupler 152 is formed by the yoke 50 and the first carriage coupler 178 of
the cradle member 34. The yoke 50 includes a pair of yoke supports (254,258) . A 20 first yoke
support 25histtaddiiedian afiderd thayeld SassScsebdyd gokea suppduet 258 simgentad semirlother
side of thesyokps SORAOMIE NG §1Eh Y PLEFEYRRRIE 2% TRRQIAKS SHBPAMR %y axipyly alignesy Jhe
first yoke su [ﬁé)rt 254 includes a su%Eortlngéﬁrfa e 256 and the_second yoke support 258 includes

25a suppgl &liriaée 380. o%g a §§%6,2§6®feﬁg5‘£ge¥wﬁﬁﬁﬂ8ﬁ}awfa%és of
the first cafitageaactadton®s/enenttie sdcotbieartiagectimnorassensyporindthegsReG0 diing
assembly ﬁﬁthei?ﬁ Be4q 8aseRil 3FraAdn 28 qmbrdiggsiafthe iwt@ﬁrwedéﬁ@iﬁﬁed
A36 andtR cradeassentwble( iscast from A536. f\lternati\g-:-l thg cradle assemb na be a pair of
. IS Jounted - u E? cratg e_..mem 52 an conn@é e{% g, a
couplers interconnected by tie bars. n an alternative embodiment of the inventio e first

carriage coEIE RN/ cHifEReID tokRE sexaiPdgridhe c%ngreicm%rmunamx@ntieu’@argﬂnﬁa@ther
alternativej ejrrogimant b heiingeniiaehthedirst oarriagq lseupied s iaigecoanaciatde tha zecpsd

carriage c a (pge 4 st st 1%ﬂi t rr S -30 inthe
car?lgge ag enﬁ%@ggz I|Esv?d(ramsscri e _[\fv?th re e@gr%ceﬁ%@égre% %wﬁgﬁl%%cgfg %[g% Ie%&%‘fig
mounted dW BESHamES28 8% ifj8drRunit-5 for BRRI MQKEnerPof Ik iMAERSHas8Em Rith
respect toctheraggioaatiifraore 22 (revayiowmpiT helearriapesdctestdr U24is ofoutited iorthd beadle
member Sgangkqongsciedia asaigherdvTgeBhpFieeesr e g@&oﬁ{é Pt A B
injection mglding machine 10. The?arrlagze(s%ctuator 42 |sJ}g)operﬁe to move the cradle member 52
away fromuhe g@m}mg surftace engages the other actuator.
15
The barrel assembly 30 is lowered into the opening of the
cradle member 34. The first barrel coupler 46 is aligned with
the first carriage coupler 178. The second barrel coupler 60
is aligned with the second carriage coupler 148. The barrel
20 assembly 30 is lowered until the barrel assembly 30 engages the
first barrel support member 218 and the second barrel support
member 200. The barrel support members (218, 200) align the

barrel assembly 30 in the cradle member 34.

25 A rectangular retaining plate 262 (see figure 19) engages the
support surface 155 of the second barrel coupler 60 for
retaining the barrel assembly 30 vertically iIn the cradle
member 52. The plate 262 is secured by conventional bolts to
the Ffirst and second coupler member (200, 198). A lower

30 surface of the plate 262 engages the support surface 155
permitting axial movement of the barrel assembly 30 in the
carriage assembly 34.

The yoke 50 is moved towards the first end 174 of the cradle
35 member 52 and secured to the first end 174 of the cradle member
52 by a number of bolts. A number of alignment pins and
openings are provided between the yoke 50 and the yoke mounting
surface 230 for aligning the yoke 50 to the cradle assembly 34.
The first barrel coupler 46 is effectively secured and clamped
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platen 16 (see figure 18). The yoke 50 is placed on the carriage actuator 42 away from the first end
174 of the cradle member 52. The supporting surface 256 engages one actuator and the supporting
surface 260 engages the other actuator. 15 The barrel assembly 30 is lowered inZ2the@pani2ePbf the
cradle member 34. The first barrel coupler 46 is aligned with the first carriage coupler 178. The

second bakR| HRleFEH Nid a8Eneasaanthtysecond Rarri&§E EBHPERTABIThEWRHel L 9sakRBly 30
is loweredwintih ire ldneel saessaihbho3@ eodaddsethbatmst baaskanmipbyd)mésbeh2ih8 endribe tedond

barrel suppgrt ¢ el 790,88 hizyte! sgpport members (218, 200) align the barrel assembly 30 in
the cradle member 34. 25 A rectangular retaining plate 262 (see figure 19) engages the support

surface 155 of the second barrel coupler 60 for retaining the barrel assembly 30 vertically in the cradle
mensber 52h0he plakd 24246 sbeurtdehy avhventibhal dpjits ec itatdirstbadl seenravedupf meneber

(200, 198 Arlpwer 33 seifias§ Obtheriale A9rcegaderdhe sapserisIyase 198 Re@Fagerd

movement ofe the tbia%el a,?semgwt?.\% in the carriage assembly 34. The yoke 50 is moved towards the
first end 178 %Y the' 8fAdR FEMEMBAY 52 and secured to the first end 174 of the cradle member 52 by
a number of bolts. A number of alignment pins and openings are provided between the yoke 50 and

the yoke rredféingi sgrfansn23€foFdlignieg the yoke &0 taihedraglesassieiplyséh. ahae féflét:bmd
coupler 4. ti S} a 2 st 20 [age T
oo ocath e b CPLE Y o Mre SR hafi RO RE BRI Sl 8.

drive asseA®If 36PTNISY AT RIBWIPKSoreBiate that removal of the barrel assembly 30

from the carriage assembly 52 is the reverse operation of mounting. Referring now to Figure 20, the
barrel ass¢mbly 3R agH$ecaas rEl bagsLeader gharesiye sroupied insbiesinags ppiemaly 34
asatOpVlgg)vuvp\)"ig?’mt:{]f8y,0kerg(t)aining the second barrel portion 48 of the
15 barrel assembly 30 to the cradle member 52. The second barrel
coupler 60 and the second carriage coupler 148 prevent the
barrel assembly 30 from rotating about the longitudinal axis
during rotational operation of the screw (not shown). The
second barrel coupler 60 and the second carriage coupler 148
20 permit axial longitudinal movement of the second barrel portion
48 effectively isolating the second barrel portion from axial
forces.

Referring now to Figure 21, a partial view of the barrel
25 assembly 30 is shown mounted in the carriage assembly 34 as a
partial cross sectional view taken along line BB of figure 2.

The barrel assembly 30 is housed and secured iIn the carriage
assembly 34. In an embodiment of the invention, the thermal

30 isolator and the first axial force linkage member 96 engages a
surface of the Tfirst carriage coupler 152. A ring shaped
second axial force linkage member 150 is located on a other
side of the coupler 46. A thermal isolator surface of the
second axial force linkage member 150 engages an inner surface

35 (barrel seat) of the yoke 50. The yoke 50 is located at the
front of the carriage assembly 34. The yoke 50 is bolted to a
forward section of the carriage assembly 34 to securely clamp
the first barrel coupler 46.

26



The second barrel coupler 60 engages the second carriage coupler 148, retaining the second barrel
portion 48 of the 15 barrel assembly 30 to the cradle member 52. The second barrel coupler 60 and
the second carriage coupler 148 prevent the barrel assembly 30 from rotating ab22itAhgushdgfidinal
axis durin_(f rotational operation of the screw (not shown). The second barrel coupler 60 and the

second cahge HIpRANG8 BONsE mEkaxiaPeHERudRE niRRERRht SSREREYNPParkel BBrtibhess
effectivelycsotating theassomt) barrédpoiton fnoov dddiedl fdyedsdReferting ngokie FifureaAt], atpaetial
view of the-hpirel 28 aag%'@mgngg is phowry ouptpghip iheg carree asseniiy- a4 ase Rl gRSS
sectional view taken algng line f figure 2. The barrel aSsembly 30 is housed and secured in the
carriage. A8 BRF9AGn Sk IHA Rt HHAKIAEAERDRE Hetma S0GIHIg b and rENGErakial
forcé linkaiepahaide) 96 dhgag#d esturtaae it Ihedpsideriagéteouplod15eha rifig satipeak sadond

axial forcefinjkage MeRAge Lribioratssl i acKoRri sifle0fthe eadplei 461 adbeynal isolator surface
of the second axial force linkage member 150 engages an inner surface 35 (barrel seat) of the yoke

50. The yoke 50 is located at the front of the carriage assembly 34. The yoke 50 is bolted to a
forward sebfio®BeffRtdaNagdBssEmIay 84 taeslrlanen etduskiansupleens. izl

August 208ariheagjempiiciordestocincect e rreigisentily Baniakhectasiage assemilbictd is
proyided bghuesn eyolie S AR (e £auriannARERYY Sds Tpe clane arce i digepleq dyguch
[ rst barrelc

the second axial force linkage member 150 (including a thermal 5 isolator);, the fi upler 46,

and the firdPSEH08S c&ikbEe T GABEAGEEN FIARg ARl isBlaRFF IR p&RNbA 2SR rSHWo
different applicati@tenastaxiall garriagedoraglie diczated dyeughtibeoarrel Thepldr kG wVhandlO the

nozzle 62 fClifRs aHIPOLAIPSSISERFEH ) 1HE ke ¢BClulep @it qairadeForHed §Bft&

second carriage stop 158 (alternatjvely, a single carriage stop). The first and second stop are

mounted ohé%g%féi€$ eqﬂdhgégdi stop é%teng outward?y ??om the f?ont

15 face 240 of the yoke 50 to engage a surface of the stationary

platen. The length of the first and second stop is such to

permit a length of the spigot tip 88 to enter into the sprue

bushing. Operation of the carriage actuator 42 moves the

carriage assembly 34 and barrel assembly 30 towards the

20 stationary platen 16 (see figure 1) until the first and second

stop engage the stationary platen 16 preventing further forward

movement. The carriage actuator 42 1is further operated to

create the axial carriage force. The axial carriage force is

directed through the first carriage actuator 56 and the second

25 carriage actuator 58 to the carriage assembly 34. The carriage

assembly 34 further directs the axial carriage force through

the first carriage coupler 152 to the first axial force linkage

member 96, the first barrel coupler 46, the second axial force

linkage member 150, the yoke 50, and the first and second

30 stops. This isolates both barrel portions 44 and 48 from axial
carriage force.

Referring now to Figure 22, axial injection force is described.
During the injection phase, the screw translation drive 38 1is
35 operated to move the screw forward in the barrel assembly 30.
An injection force is directed from the translation drive 38 to
the reciprocating screw body 164, and to the melt of material
located in front of the reciprocating screw. A reactive
injection force is directed back through the accumulator 64, to
27



50. The first and second stop extend outwardly from the front 15 face 240 of the yoke 50 to engage a
surface of the stationary platen. The length of the first and second stop is such to permit a length of
the spigot tip 88 to enter into the sprue bushing. Operation of the carriage actuatée 42guste8ahe

carriage assembly 34 and barrel assembly 30 towards the 20 stationary platen 16 (see fi%gﬁ 1) until

the first arkh§ecbhis&obaiiRle GReRERHNAR - pI&tRCls BN nd AR Kt r ISMREH ShotemERE The
carriage aftupsdr 42as furtyer openapdcbto dste tiie atibkcafriagetfomad Theeaxiabicactageiapee is
directed thypygh i fiisbeaiiage aguRI0r 56 29 the,SRRNARS GRTIRERFEIURIO Sihip ths cerdage
assembly 34. The carriage asSemb ¥34 further directs the axmﬂicarrla%e ch{c thro%Jegrh the first
carmiage cOGHEN 197 I LAREPRIATFANS ARSGE T RUmB0: 96, TFe ISt BAHCRALERY 4ROHHE Sikond
axiabforcel #inHzyd aikatheF 30, tieyokd Bd, aehtikifirst And ssddrn3Fatays. This isolates both
barrel portions 44 and 48 from axial carriage force. Referring now to Figure 22, axial injection force is

described D#riPIgithe in'eg,tion g)hai_e1 tr&er scr% tranval.latir(])n Hve 3r£]30is ZSFeop rf'ltecli rt]o 1ove the screw
forward inthI‘qee %arrepgssemgly 8. Ad ﬁue&ion otce 18 ditecledf ol e translatiof drive B8 to The

reciprocatﬁ@f@fc?@\h%ﬂ?@b@&ﬁd%’tt@@@ltf)i aveterif) lockR®) ifi Fost oS #RPretpfoifhgEgew. A
reactive injeeidprifogaeols dirested hackdrougiyihractumulagpddata 8in 28 Aughst 2006rthadisst
baryel cou jaclyding li m e fi i u the fi cond
car%sage agt:%ﬁgrtﬁgus&}%gg] g@%ﬁ?ﬁ%ﬂﬁ? diﬁl%é%méué %@@5 g%%h%@cﬁéﬁ%nﬂlé%%%g

assembly 36. THVaELsHhdthsreF EBkNBNY iR RS FroAbinE kel IR iFe R SRRATBER! REMIring
now to Figlle 28)gauesthethezzepd2iaclbdehansemisphiticaldir9a 4see figotatdire fEst siop 156

and the seeQRthaiPPIRSAELIPt o0 WWIh EPSERPTL AT CEHIAo YR 2FYRIY 42 MAKeSYPal |
carriage assembl% d barrel assemblgﬁ%%towards the sﬁ(telor}_air}[ é)laten 16 unit the semlstpohrerlcal

34
tip 90 endZES RIS pAR KA. FALE eHUoHar4 X t carriage actua
15

56 and the second carriage actuator 58 to the carriage assembly
34. The carriage assembly 34 further directs the axial
carriage force through the first carriage coupler 152 to the
first axial force linkage member 96, the Tfirst barrel coupler
46, the accumulator 64, and the nozzle 62. The Tfirst barrel

20 portion distributes axial carriage force and the second barrel
portion is isolated from axial carriage force.

Referring now to Figure 24, axial injection force is described.
During the injection phase, the screw translation drive 38 1is

25 operated to move the screw forward in the barrel assembly 30.
An injection force is directed from the translation drive 38 to

the reciprocating screw body 164, and to the melt of material
located in front of the reciprocating screw. A first reactive
injection force is directed back through the accumulator 64, to

30 the first barrel coupler 46, (including linkage members) to the
first carriage coupler 152, to the first and second carriage
actuator housings (170, 172), to the drive mount 54, and to the
screw translation drive assembly 30. A second reactive
injection force is directed back through the nozzle 62 to the

35 accumulator 64, to the first barrel coupler 46, (including
linkage members) to the Tfirst carriage coupler 152, to the
first and second carriage actuator housings (170, 172), to the
drive mount 54, and to the screw translation drive assembly 30.

The second barrel portion is isolated from the axial reactive
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further operated to create the axial carriage force. The axial carriage force is directed through the first
carriage actuator 15 56 and the second carriage actuator 58 to the carriage assembly 34. The
carriage assembly 34 further directs the axial carriage force through the first carrkd)éemigsie?AB2 to
the first axial force linkage member 96, the first barrel coupler 46, the accumulator 64, and the nozzle
62. The fir&f‘l!@ﬁ@l'ﬂf‘pagl‘?ilﬁﬁ%ﬁstributes axial carriage force and the second barrel portion is isolated
from axial carriage force. Referring now to Figure 24, axial injection force is described. During the

Injection pRage.PgRgreNbiianEAtieglive 384s 2naPresaled paraMG s sSEvAoOMGrd i fig barrel
assembly 30. Arbln ectign force is Hected from the translgtlon drive 38 tg the relc\:lprocatmﬂ jcrew

body 164,1:'1}?1% to t oftmiatenar Yocated inq‘?érﬁro\‘t?ﬁ’ reciproggﬁ’ng ?(95\5/‘? fir§esl
injecion farse Isidiregedbacknbretyh the acaaulatol &g o Ithe filgtskarrbbeoigderad gihelnding

linkage meygbersptothg Harsamiage FRipe" 1%, taHe EelMtiSasaPFCRTEagp ReHaKD hgdsings
(170, 172)$é%hhre ((j]riven oulnt%4i%gd tortgg Ser Wtrzinslafion gﬁige %ss'g'[ribl éBO. Asser%a dr Izftive
injection force is drected bdck ﬁroug% the ABZAE BF10the 35 SoCunitathl B ) toIRe FilSt Darra

coupler 48ginatgv EoHsagednssbbRSde theAirsiCetagbcolpreated, i kitd iitsttirl socbad
carriage apipéor beusings (hatumizl atedhe alive meentseEcand ththersarevptsardlaion drivee

as bly e el portion is,is df the axial tiv st2 injection
fori%ﬁRefgr%E%mlnosvﬁg _gé?%rz an%%%%pggﬁon %gg ’scrglw %@%ﬁe Slagrri;e@s':gﬁ%’ly is8 ﬁ@scrl ed

The barreF@SERTING AL MM diRG T8 n 2262 184 umulalfies 4 SHEEWarrkBeolisies i catsRd Barrel
portion 48bertdsecorahbanmnglemtpder iiss tdesur€daad fagines rE3)ectivelyainnbx caumagehot
' .f4§c_rew is located within the axial bore of the accumulator and

assembly 343t peaiqusle degeihes

the second barrel portion. The 10 screw includes a screw tip 160, a check valve 162, and a

reciprocating screw body 164. The screw is reciprocatable
15 In operation, the screw starts at the injected position. Feed

material enters the axial bore of the barrel assembly through
the feed port. The material is melted and conveyed forward
along the screw body 164 towards the screw tip 160. As a shot
of material develops in front of the screw tip 160 iIn the

20 accumulation zone of the accumulator 64, the screw moves aft
until an appropriate shot volume is received In the accumulator
zone. Then, the screw is advanced forward injecting the shot
of melt Into a mold. The check valve 162 permits the melt to
move Tforward, but not backward of the check valve. In

25 operation, the check valve reciprocates only within the axial
bore of the accumulator 64.

In an embodiment of the invention, the barrel assembly is
formed by a single unitary construction. In another
30 embodiment, the barrel assembly is a First section connected to
a second section. In another embodiment, the Ffirst section is
a nozzle connected to an accumulator. In another embodiment,
the first section is nozzle connected to a barrel head which is
connected to an accumulator.
35
It is to be understood by persons skilled in the art that the
invention is not limited to the illustrations described herein,
which are deemed to illustrate the best modes of carrying out
the 1invention, and which are susceptible to modification of
29



between an injected position (see figure 13) and a maximum shot position (see figure 14). 15 In
operation, the screw starts at the injected position. Feed material enters the axial bore of the barrel
assembly through the feed port. The material is melted and conveyed forward alRhgtgescraddhody
164 towards the screw tip 160. As a shot of material develops in front of the screw tip 160 in the 20
accumulatf® FonSdEe RENANHEBEEE, RE LAKFMARY Metiad ks ATprBpRAREARA volufiteis
received i theeadaonulaie zéneehoed thescrendoageasediblwvasliahe ctimootivE istet iafnselt into
a mold. The, §herkyalve, 34 ASTPES the FIEfHdo a9 ve (BRI SbuAgt Ras kg Abtherclignk valve.
In 25 operation, the check valve reciprocates only within the axial bore of the accumulator 64. In an
embodiment of the invention, the barrel assembly is formed by a single unitary construction. In
another 30 embodiment, the barrel assembly is a first section connected to a second section. In
another embodiment, the first section is a nozzle connected to an accumulator. In another
embodiment, the first section is nozzle connected to a barrel head which is connected to an
accumulator. 35 It is to be understood by persons skilled in the art that the invention is not limited to
the illustrations described herein, which are deemed to illustrate the best modes of carrying out the
invention, and which are susceptible to modification of 29 22 August 2005 form, size, arrangement of
parts and details of operation. The invention is intended to encompass all such modifications, which
are within its spirit and scope as defined by the claims. 30 22 August 2005 Claims 1) A barrel
assembly comprising: a first and a second barrel portion having an axial bore 5 therethrough, and a
first barrel coupler (46), the 10
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15 20 25 30 location of the first barrel coupler (46) defining a boundary between the first barrel portion
(44) and the second barrel portion (48); wherein the first barrel coupler (46) isolates the second barre
portion (48) from axial carriage force. 2) The barrel assembly of claim 1, wherein &% Auwgtibtir@805
coupler (46) has an end wall (120) and further includes an axial force linkage member (96) comprising
at least one outwardly extending member dispose%I BNthe first end wall (120) . 3) The barrel
assembly of claim 2, wherein the first barrel coupler (46) includes a thermal isolator (98) disposed on
the axial forgg)linkageane@beasompl yhedbapeiadseymbly of claim 3, wherein the first barrel coupler

(46) includes at le stlgpg ink insu ) b f any of clai t

wherein the first bgarre coLLE)Ieng ?46? has %I%Fe%%r?? &Eﬁ?l%é%ﬁﬁéﬁm%éﬁleait c!)%{ep éézcan(graexial
forc® linkage member (186§ ERLBYEH on RrEednd IR t6) PARE Halicl GREEHSI ofdéMn 2,86 4,
wherein the axial forcédicaagemeabert(8s) Eia pitrdigroedutwanibhl extedidy ndefibberengs @) The

barrel assembly of clapp gndHryh BOEIRIBANGANAIF IS k39 NeisE i8R) gV IIRAHCHRBY
member. 8) The barrel assempl o;{lan precedmgbclﬁ%rgb\{vherem the 40 second barrel portion (48) is
éﬂf a

secured to the end of tHe“$1'92 gl 2805k ortion. 5 10 15 20
wherein the first barrel coupler (46) isolates the second

10 barrel portion (48) from axial carriage force.

2) The barrel assembly of claim 1, wherein the Tfirst barrel
coupler (46) has an end wall (120) and further includes
an axial force linkage member (96) comprising at least

15 one outwardly extending member disposed on the first end
wall (120).

3) The barrel assembly of claim 2, wherein the first barrel
coupler (46) includes a thermal isolator (98) disposed on
20 the axial force linkage member (96).

4) The barrel assembly of claim 3, wherein the first barrel
coupler (46) includes at Ileast one linkage insulator

(99).
25
5) The barrel assembly of any of claims 2 to 6, wherein the
first barrel coupler (46) has a second wall (124) and
includes at least one second axial force linkage member
(150) disposed on the second wall.
30
6) The barrel assembly of claim 2, 3 or 4, wherein the axial
force Hlinkage member (96) is a plurality of outwardly
extending members.
35 7) The barrel assembly of claim 2, 3 or 4, wherein the axial
force linkage member (96) is a cylindrical ring member.
8) The barrel assembly of any preceding claim, wherein the
40 second barrel portion (48) is secured to the end of the
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25 30 35 9) The barrel assembly of claim 8, wherein the first barrel portion (44) includes a nozzle (62)
secured on an end of an accumulator (64). 10) The barrel assembly of claim 9, wherein the nozzle
(62) has an elongate cylindrical section (70) extending from a mounting flange (22) toguatoleDend
(86). 11) The barrel assembly of claim 10, wherein the accumulator end (76) of the nozzle (62)
includes a spigot sE3F&T (P8Y £6d eRRNEEJUtwardly from a side of the mounting flange (72). 12) The
barrel assembly of claim 11, wherein the mold end (86) of the nozzle (62) includes a spigot tip (88).

13) The barig) assemblyipfiqaln L hgigl tBe mojd pRd g86)AETREPZHISL O Pl iFSHdRS ARINVeX
semispherical tip (90 %g}}'rl'rrgz birrel as!sea%)% of claim 12, wherein the nozzle (62) is made from

DIN 2888 or DIN 28881 G & I9AEEE Wi dinSRENESAe PB2)21% fiRFe fHdm
SAB54140 steel wittnamedantipl 269 Th€deh)rel assembly of claim 9, wherein the accumulator includes
an elongate cylindrical section (104), the first barrel coupler (46) disposed at a first end thereon. 17)

The barrel assembly of claim 16, wherein the accumuylator further includes%res 100, 122) of,
complementa dilfetaidb bot TecaNE e Sdooilitilier porlUn Gh) 1855 no B4 el o

claim 16, wherein fhesacinRiIfbpataueed 4 ndrd ceill) e GERON reCERR: £x80E i) of ram2a
August 2005 the nezzletd A§ 10) digdbarel pssemblyneflanyepiecedsiy.claim, wherein the axial bore

thr%gh the first barrel portion (44) includes

11) The barrel assembly of claim 10, wherein the accumulator
end (76) of the nozzle (62) includes a spigot section
(78) and extends outwardly from a side of the mounting
flange (72).

15

12) The barrel assembly of claim 11, wherein the mold end

(86) of the nozzle (62) includes a spigot tip (88).

13) The barrel assembly of claim 11, wherein the mold end
20 (86) of the nozzle (62) includes a convex semispherical
tip (90).

14) The barrel assembly of claim 12, wherein the nozzle (62)
is made from DIN 2888 or DIN 2999.
25
15) The barrel assembly of claim 13, wherein the nozzle (62)
is made from SAE 4140 steel with an H13 tip.

16) The barrel assembly of claim 9, wherein the accumulator
30 includes an elongate cylindrical section (104), the first
barrel coupler (46) disposed at a first end thereon.

17) The barrel assembly of claim 16, wherein the accumulator
further includes bores (100, 122) of a complementary
35 diameter to tightly receive the second barrel portion

(48).

18) The barrel assembly of claim 16, wherein the accumulator
includes a bore (114) to tightly receive a spigot (78) of
32



either a liner or a protective coating. 20) The barrel assembly of claim 19, wherein the accumulator
(44) and first barrel coupler (68) are made from INCONEL 718 with a STELLITE 12 liner. 21) The
barrel assembly of claim 16, wherein the accumulator (44) and first barrel couple2Z68)@arstn2de from
4140 steel with a cast liner. 15 22) The barrel assembly of claim 8, wherein the barrel assembly (30)
further includes a E@naa%Fks ecoupler (60) disposed on the second barrel portion (48) and
communicates with a second carriage coupler located on the carriage assembly (34) to retain the

cecond bare o E) HARE SR TSR Of)-an) | BT SceS it e RN AL TabreiHAE e
ol sorcon 26 (BH b ROBH FRT LD AL SEUBAK 5 hniFGrht e St BAMEES ot

(60)5s disposed ateitdned oa tld Betora Far@rpbeaihiMa8) coBEThg barrel assembly of claim 24,
wherein the second barrel portion (48) has a second end wall (136), a feed throat (140) in

communicatign with the axial bqre, and ange(130) dispqsed adjacent the second end wall (136).
5%8) The barfePAssdhibl, e ZoELs: B SGUS I bavel (i oy e Aee A RAaFake

engagement meméf)158)03F 1y atigharash Zourkebarfdi®ysahelyntstdeairh e whicsiNkhe

engagement mentpeg (WGA)Hs a fErrecassEnachingden_the outer surface of the second barrel
porﬂgn (48). 5 28) The barrel assembly of claim 25, wherein the axial bore through the second barrel

portion (48) includes a liner (138) or a protective coating. 10 )
21) The barrel "assembly of claim 16, wherein the accumulator

(44) and first barrel coupler (68) are made from 4140
steel with a cast liner.

15 22) The barrel assembly of claim 8, wherein the barrel
assembly (30) further includes a second barrel coupler
(60) disposed on the second barrel portion (48) and
communicates with a second carriage coupler located on
the carriage assembly (34) to retain the second portion
20 (48) of the barrel assembly (30).

23) The barrel assembly of claim 22, wherein the second
barrel coupler (60) is disposed between the Tfirst barrel
coupler (46) and an end of the second barrel portion

25 (48).

24) The barrel assembly of claim 22, wherein the second
barrel coupler (60) is disposed at an end on the second
barrel portion (48).

30
25) The barrel assembly of claim 24, wherein the second
barrel portion (48) has a second end wall (136), a feed
throat (140) in communication with the axial bore, and a
flange (130) disposed adjacent the second end wall (136).
35

26) The barrel assembly of claim 25, wherein the second
barrel coupler (60) includes at Ileast one engagement
member (153).
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15 29) The barrel assembly of claim 28, wherein the second portion (48) is made from INCONEL 718
with a STELLITE 12 liner. 30) The barrel assembly of claim 28, wherein the second portion (48) is
made from 4140 steel with a cast liner. 34 22 August 2005

27) The barrel assembly of claim 26, wherein the engagement
member (153) is a flat recess machined on the outer
surface of the second barrel portion (48).

5 28) The barrel assembly of claim 25, wherein the axial bore
through the second barrel portion (48) includes a liner
(138) or a protective coating.

29) The barrel assembly of claim 28, wherein the second
10 portion (48) is made from INCONEL 718 with a STELLITE 12
liner.

30) The barrel assembly of claim 28, wherein the second

portion (48) is made from 4140 steel with a cast liner.
15
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