| NJECTI ON CAL 5 The present invention broadly relates to injection nolding
machi nes and, in particular to the injection unit of an injection nolding
machi ne.' I njection nolding machi nes include rmachines for injecting
plastic material, or metal material, or netal material in “a thixotropic
state. 10 BACKGRClJND OF THE- | NVENTI ON operation of an injection noldin
machi ne i ntroduces a; nunber of forces, pressures, and stresses. mﬂﬂg 2005
injection unit. For 15 exanple, axi-al carri.age force is a force applied to
engage the nozzle end of a barr BHIECITOWIIATagai nst a sprue bushing of a
mol d. This provides a force sealing connection between the nozzle and
sprue bushing preventing | eakagescafizoml redLpat erial during injection.
Carriage force is applied and naintained 20 prior to injecting the melt of
material. injection force is a force dlreited al ong, t he Iength
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nozzle end of a barrel assembly a.ga:.nst a sprue bushing of a
mold. This provides a force sealing connect:.on between the
nozzle and sprue bushing preventing leakage of melted material

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

Injection forc:e is a force .directed along the length of a
reciprocating screw located in a bore of a barrel assembly.
Injection force results in- injecting a melt of material into a

25 mold, There is an axial reaetive 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 is a pressure required to overcome the
30 resistance to the flow of the melt of material in the nozzle,
runner system, and meld .cavity. Injéction 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_
a.s‘sembly must withstand injection pressure. '
35 _
Injection units for molding machines are very well known. Fox
example, the book entitled “Injection Molding machines A:Usex’s
Guide 3 Edition* by Johannaber was ‘published in 1994 by Carl
Hauser Verlag {ISBN 1-56550-165-4) and contains a detalled:
40  description of conventiomal injection units for plastic
1



i njection nolding machines in: Chapter 3 on pages 38, 39 42, 43, 44, 75,
and 76. The reciprocating screw (RS) injection unit 1includes a barrel
assenbly which includes a nozzle, barrel head, barrel, axial bore, feed
port, heater bands, and 5 thernpcoupl.es. A reciprocating screw, whi ‘l}@lﬁ 5
I ncludes a non- return valve, is disposed in: the axial bore of ,'the!b r@p.
The . axi al bore of the barrel includes a netering section: and a feeding
section. An electric or hydraulic dri erate Ser f ged and
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The book entitled sInjection Molding Operations” produced by
Husky Injection Molding Systems Ltd., and printed in Canada,
copyright 1980 also contains a description of conventional
25 injection units for plastic injection molding mechines on pages
41 through 44. Again, for the reciprocating screw injection
unit, & barrel is supported.at a ‘distant end by a carriage,
which houses the injection cy:'l'inder and a rotational drive. A
hydraulic cylinder is connecéed between the carriage and a
3t stationary platen. In operation of the hydraulic; cylinder, the
cérriage force is applied along the entire length of the
barrel. For a two stage injéétion‘unit, a barrel is supported
at one end by a carriage. The carriage houses the drive. The
nozzle of the barrel Ffeeds into a shooting pot which includes

35 an injection piston. The carriage supports another end. of the
. shooting pot. A hydraulic cylinder is comnected between the
carriage and a stationary i platen. In operation of the

hydraulic cylinder, the carriage force is applied along the
entire length of the shooting pot. The axial reactive inj e-:c’trion

40 force is directed through the entire length of the shooting pot
- ,



40 force is directed through the entire length of the shooting pot 2 14
AUG _200 during injection. United States patent 5,040,589 issued on August
20, 1991 to Bradley et al (assigned to' The Dow Chem cal Conpany). The 5
pat ent describes an injection apparatus for injection nolding a

t hi xotropic sem.-solid netal alloy. The patent contains a descrl éuq
an apparatus. for.processing a netal feedstock into a thixotropic?*s

the metal isdkethd Ahdestit@pper, .l ocated at. one end of the. barrel, and
transported into an 10 accunulation'zone | ocat ed at anot her end of t he
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20 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
of the apparatus. All sections of the disclosed barrel must be
thick enough to withstand the combination of axial carriage

25 force and axial reactive 1nJectlon force directed through the
entlre length of the barrel during 1nject10n

United States patent 5,983,978 issued on November 16, 1999 to
Vining et al (assigned to Thixomat Inc.). The patent describes
30 a thixotropic¢c 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
the high pressure section. A feed throazt end of the barrel is
mounted in an upright support of an injection unit. A bottom
35 surface of the barrel, intermediate the distant ends of: the
barrel, rests on a second sppport also secured to the frame. .
The caxriage force is applied along the entire length of the
barrel in operation of the' apparatus. ALl sections of the
disclozed barrel must be jthick snough to withstaﬁd the

40 combination of axial carriage force and reactive injection



barrel in operation of the' apparatus. Al sections of the disclosed
barrel must be thick enough to wi thstand the 40 conbi nati on of axi al
carriage force and reactive injection 3 k r-, 4 AUG 21F] force through
the entire length of the barrel during injection. United States patent
4,863,362 issued on:Septenber 5 1989 to Hehl is directed to an inﬁr;,oma 2005,
pl astici zing assenbly. In 5 accordance with the invention, the plasticizing
cylinder is_ arranged. in _a rei ' t J1NGL NG sk
const i ¢ ut edftyen TR Suf raRetar et Sk T et b S0

ace which is spaced fromthe
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structure Uléggged bracket with the track of the skeletonr. Further, the :

20 portion of the plasticizing; cylinder that preotrudes from a

guard surrounding the skeleton is received from the rear as an

axial siiding fit in the bore of a receiving body of the

injecting unit; in opératign the plasticizing cylinder is

axially force coupled to thé injection unit only through its

25 engagement with the receiving body of the injection unit, and

hence an axial carriage force acts through the length of the

plasticizing cylinder.

Great Britain patent 1297783 issued on November 29 1372 to

. 30 Haynes et al is directed‘toién injection unit that eliminates
the screw non-return valve and the associated problems of
manufacture and assembly. The invention provides an injection

unit inecluding: an injectioﬁ head with -an _injebtion. nozzle
installed in a headstock; a plastics feed structure which is

35 moveable relatively to the injection head and defines therewith
a telescopic injection chamber, the feed structure comprising a
barrel, a £feed screw rotatable in a supply conduit in the
barrel which may be connected to a plastics supply -source; and

means for moving the feed structure as a unit in & forward

40 direction relatively to the injection head in performance of an
p . .



-35 noveable relatively to the injection head and defines therewith a
tel escopic injection chanber, the feed structure conprising a barrel, a
feed screw rotatable in a supply conduit in the barrel - which may be '
connected to a plastics supply source; and .means- for oving the feed -
structure as:a unit in a forward 40 direction relatively to the jniﬁcéﬁé)ra ;
head i n performance of an 4 a 4 AUG 2005 injection stroke, charact®fti'zed %
the fact that t'he feed screw has a l'eading end portion which, cooperates
with a part ofnideeiohartreke adpaveterided byjdet fart dhanbdre fesd eemea val ve
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a shaft supporter to rotatably support a trunnion that is projectionally
oriented and fixed tothe barrel. During nmaintenance, the barrel is
rotatably suplFepess 2@%9@%@“5%5’%753%3%115@ in OcheRerh@ShaPee i P t he
hori zontal atitdoshideisantizebeed joeat iservicecrtenl can drprdrawheoetsofoft he
heating cylingehtaii@ceaidd 2HSHIRLGE JeStRPMak-8h tdF el OhiaBei At hachment
pl ate anqsthesg en%tg QQ: teheiggr iﬁé trgeenga e Eﬁ\ee J.nl ect EO& nozzle into the
mol d sprdd. 25" THEF& &t %a "RONbEr® of " Probr &ns" and® Ter Fei efti e Wit t he
known prior @Rgegefb\Aocsstapigpie|kolgr 8 bygely Thie se6vidte todthoipre igfs
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20 by the service tool and can thus be held in the heorisontal
attitude and the injection' screw can be drawn out of the
heating cylinder. The carriage force is applied through an
attachment plate and the length of the barrel to engage the

injection nozzle into the mold sprue.

25
There are a number of problems and deficiencies with the known
prior art devices., [Barrels are costly due to the' amount of
material = required to ©provide a suitable thickness for
withstanding the axial force along the entire length of the
34 barrel. The axial fofce may be the carriage force, or the '
reactive injection force, or & combination of these two forces.

Special materials are required‘ for barrels in use with
thixotropic materials and these special materials are very
35 expensive and are difficult to manufacture. '

Thick barrels have a high thermal resistance which affécts the
efficiency and controllability of heating a material in the

axial bore of a barrel.
40



thi xotropic materials and these specical materials are very 35 expensive
and are difficult to manufacture. Thick barrels have a high thernal

resi stance which affects the efficiency and controllability of heating a
material in the axial bore of a barrel. 40 4AUG 20 Barrels, conventiaonally
mounted in the injection unit, are typically difficult to install =&AdG 2005
renove. The process of installation:and renoval within a carriage is tine

consuntng. Installation of t barrel in.a rri ' urt.her ne to 5
al i gnment pPoHI%ERs. GP”IEQ‘?T'—E’?H gHoynye &F‘i%%gcc%g’gghﬁeﬁwh%lﬁgén%ggpect of
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boundar ¢ betWemmepheRt¥PNEMSparrel portion and the 7.5 second barrel
portion. The carriage assenbly includes a first carriage coupler to engage
the first barrel coupler, an%@;“ﬁrﬂi}ﬂw for linking with a
stationary platen of a clanp unit. e 1njection assenbly nounted in an
injection unit includes a drive assenbly for operating a screw di sposed 20
in the axial bdmeactotdemncisaniell as sepetty of| pheisiaveppiod A&t 1nBIFHER coupl er
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axial carri8 n alternative, t] npection assenbl y -may
conprise a seewntd PRSrehPIILieBHpPERNYAR F G SR ec'él?erﬁeggxéo%dup er® The
second bar ketsicaiapirel chgpesedtion Sartisecondhpofityvh WErreheo®Y® . The
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first carriage coupler, wherein the .second barr unliekeangd fhesecond
carri agé codpFd MBFEPH ?cfﬁ;%@ﬂ‘ baftel“% 6 the ac?asfrﬁiﬁ%fce)l " termedi ate an end-
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the first Cungé ELcludes a drive assembly for operating a screw disposed
20 in the axial bore of the barrel assembly. In use, the first

barrel coupler interlocks with the first carriage coupler to
secure the-barrel assembly in the carriage assembly, thereby
isolating the second barrel portion from axial carriage force.
As an alternative, the injection assembly may comprise a second
25 barrel coupler, and a sechd carriage coupler. The sgecond
barrel coupler disposed on said second portion of the barxel.
The second carriage céuplerialigned with the lengthwise axial
opening and the first carriage couplef, wherein the second
‘barrel coupler and the second carriage coupler retain the
30 barrel to thé carriage intermediate an end of the barrel and

the first harrel coupler.

As an alternative, the injection assembly may comprise an axial
force linkage member. The axial force linkage member disposed
15 intermediate the first barrel coupler and the first carriage
coupler wherein the axial force linkage member distributes

axial force.

As an alternative, the injection assembly may comprise a

40 . thermal isolator. The thermal 1solator disposed intermediate
.



coupl er wherein the axial force |linkage nmenber distributes axial force As
an alternative, the injection assenbly may conprise a 40 . thernal

i solator. The thermal isolator disposed internediate . 6 4. AUG 2005 the
first barrel coupler and the first carriage coupler wherein the theunalG s
i sol.-ator reduces conductive heat transfer between the barrel assenbly ang
the carri-age. 5 As an alternative, the. i nj ection assenbly nay conpri se a
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-~ end, an dpening, and a |engthw se axial bore extendi ng bet ween t he

| gi sch?r g$h engl é’fh%lﬁ&fr&‘&’lldéSpﬂﬁeﬂnjé%tl&rbi%slsi@iﬂﬁi)h ﬁec@'&ﬁr@lsebé’rlﬁrgélthe |
" barre e SClfewr r 0 axi a
bore of the b%jf’ rgnfne él' LPEP ar?%%rl%EL gﬁ g%ge gﬁﬁ“?ﬂq’”fmwg portlon
of the barrel enﬁ?éwﬁead?’élaﬂ‘er%‘éf‘m%dm%'@l% F%g’f’meée X PRt REAPRY f or
receiving theahanlsethe bZheelnouink i thg samnfiage. f or nounting said carriage to
‘the injeetion 'unit. The fi rst carri ‘age coupler ali gned with the 30

| engt hwi se ax+ el en| n V\/ner %he f| S st carri age. cou ﬁ% and _the first
barrel coupl et seure e arre carrla]gf‘ej Fh~% oéf rb%llr?ﬁfﬁtl Bf the
‘invention, t h@“?é’éw BaFteme dahpl énd; §n pipeEEEs %F neé’hﬁncjaﬁ“mﬁve’?»
surface of t hiors eeocaidripor &i waldof aldb ﬂshepéxaibnelbeﬂmeanm heen ephiddiisent  of

?the i nvent i 0Ny dNRehCEESSion, and a clamped position. The injection unit
‘ 20 for creating a shot of material for injection into the mold.

The barrel having a& first pértion, a discharge end, an opening,
and a lengthwise axial bore extending between the discharge
end. The screw digposed in the lengthwise axial bore of the
barrel. The  screw rotatable and reciprocatable in the

25 lengthwise axial bore of the barrel. The first barrel . coupler
disposed on the first portion of the barrel. The cradle member
having a lengthwise axial opening for receiving the barrsl.
The mounting surface for! mounting said carriage te the
injection 'unit, The first carriage coupler aligned with the

30 lengthwise axial opening wherein the first carriage coupler and
the first barrel coupler'secﬁre the barrel to the carriage.

In ah embodiment of the invéntion, the second barrel coupler is.
a recess formed in an outer surface of the second portion of

35 the barrel. In another embddiment of the invention, the recess
ig a substantially £lat pad. In another embodiment of the
invention, the recess forms a spline. In another embodiment of
the invention, the recess is an axially aligned siot.

40 As an alternative, the first carriage coupler comprises a yoke
7



Is a substantially flat pad. In another enbodi nent of the invention, the
recess forns a spline. In another enbodi nent of the invention, the recess
is an axially aligned slot. 40 As an alternative, the first carriage
coupl er conprises a yoke 7 4 AUG 2005 coupler and a carriage coupler. The
yoke coupl er is disposed on the yoke and the carriage coupler is d:id&ﬂé&WS
oh the cradl'e nenber. ‘The yoke coupler and the carrlage coupl er engage the

b | f [ ng-th t t
he. “yoke cotpPitT 1Enn aRbaEa ShPFRES AT Tond pblbilR 28 Mibgedet U

opposi te t hencahe i ¥Rfe é‘éép?‘ﬁ Calrﬁla%ﬁh B SO rﬁéwtdlaPO%?Pe FnvEfit FB?P % he
engagi ng SukABEr. S The hakeebogsar hAdnene i darariagat calplepenhpgooftishe yoke.

Ao an al ter Liye e NE.Galibh 0% GAUPLLToCORPIdasesad {1t UPTight support

an3 a secon uprlg t. suppor The first upright support and the second
upright Ssupport are separated by an :opening for receiving the barrel. The
first uprighs supporderaadivis ttihre-sedendawpleyht ss@ppomgageedr surfacebarr el
]Eo-t[le Carr:fegﬁed%%f ansgdd fonQEéV},ﬁbket lagpaﬁsilru%}1 {:hl@rcia&ma@élmbuefnclmes ad
irs coup |ng ur ac pri secon
coupl i ng suFFac RASF ST ?ﬂ EPllrs coup |ndg§ur%%B%9£%d 8%&%? $&cdnd ‘
coupl i ng subharel esgagomedotbld FERETHY SREIHT PRSIHAPKRE . As an
alternatd ve, the second carriage coupler includes an engagenent menber for

retaining the DA'dflerndeives cA0 @Aé&é&éta 1&%@@9@9@@%1:”&3?%& ncl udes

a first couplin secon Ihe flrst q$upllng
menmber and ﬁH@P oﬁ c@up??ﬁﬁ‘n@ﬁﬁ%ﬁ Sr atedﬁﬁy 1 fopeRt

recei vi ng t epbarty etnd Thise f pesandc upiishy ﬁEPM@?t W%nﬂenﬂétgécéﬁd &oupl i ng
nmenber retai eﬁﬂfg %&r 9écé1@lheethepafa&t@ge ThAS f 2R tA i@ i fied iswepothieardd r st .

coupl | ng MENRET s d AR UASS glﬁf,g&pgmagl oupl:Eng,s Wabace @ndnlieseggad coupling

menber I ng surface n an enbodi nent of the
i nventi on, the flrst coupllng surface
2s an alternative, the first upright support includes a first

coupling surface and the second upright support includes a
second coupling surface wherein the first coupling surface and

20 the second coupling surface engage a coupling surface of the
barrel.

As an alternative, the secénd carriage coupler includes an

engagement member for retaining the barrel. ’
25 . |

As - an alternative, the engagement member includes a first

coupling member and a second coupling member. The first

coupling member and the secondlcoupling member are separated by

an opening for receiving the barrel. The first coupling member
30 and the second coupling member retain the barrel to the

carriage.

As an alternative, the first coupling member includes a first
coupling surface and the ‘second coupling member includes a

35 second coupling surface.

In an embodiment of the invention, the first coupling surface
and the second coupling surface are a flat recess for engaging
a complimentary surface of the baxrel.

40
8



“conplinmentar
second carri

alternative
aligns the

| east one, st a
herelnbelow

clanmp unit
per spective

i5

20

25

30

35

and the second coupling surface are a flat recess for engaging a

y surface of the barrel. :40 4 AUG 2005 As an alternative,

t he

age coupler includes a retaining plate rel easably:secured to

. the cradle nmenber for retaining the barrel in the carriage. 5 As an

‘the barrel alignment nenber aligns the barrel axially agd ’ ZMBl
"barrel vertically in the cradle. As an alternative, the barr ?

I t d d
B U o AR e D R R MR

barr el suppor‘f""‘tar’rﬁhﬁ%rp %tpepo’f‘etleﬁﬁ%blﬁfar%eé’lura@
carriage. As ¥staihiwy riaei harel hin fuhestadyargel support nmenber includes at
15 | east one standoff and the second'barrel support nenber i ncl udes at

rrel

€ sécond
pFEEeFE‘T“?ﬁ%éEP“W@FgI#Prl n the

B e BB SRR AR e B o AL LOEY T

present i nver??ﬁrﬁﬁlvﬂ’f’-lalﬁlﬁv@rﬁeaﬁ’e@@r Fpe parpgl Wﬁi&il’éﬁl%xmh@ oradie.with
reference to the attached flgures 25 wherein: Figure 1 is a diagrammtic

side view r em&agna@iérgatme ,ARnei PRk I QIEQHREQ& rhgenﬁ@f hj D8k

{ t t
LTS mbreBnebd UL AR Ahared SRt mesbsioqone

As an alternative, the first barrel support member includes at
least one standoff and the second barrel support member
includes at least one standoff.

Further advantages of thé present invention will appear
hereinbelow.

BRIEF DESCRIPTION OF DRAWINGS

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

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

Figure 2 is a perspective view of an injection assembly;

Figure 3 is an exploded perspective . view of the injection
assembly illustrating a barrel asseﬁbly and a carriage
assembly;

Figure 4 is a cross sectional view taken along line A7 from
figure 2 illustrating a nmlti-piece barrel assembly located in
the carriage assembly;

s IPlEBLLNg @

-per spect i¥e \iigRtofbaghal | ﬁPEEQﬂtonme%ermdy the | getondt i rryralbasupebriassenbl y
and a carri agenbdb assgodt ywheFingit-al 4atkS aa gcasSersAabd ORALgHH ey t aken al ong
line AA from flgwe 2 illustrating a multi-piece barrel assenbly |ocated

Iin the carriage assenbly; 9 1' 4 AVG 208 5 10



15 20 25 30 35 Figure 5 is a cross sectional view taken along line AA from
figure 2 illustrating a nozzle section with a spigot tip; Figure 6 is a
cross sectional view taken along line AA from figure 2 illustrating an
alternative nozzle section with a setnispherical tip, Figure 7 is a
perspective view illustrating an accumul ator section of the barrelg J,AUG o0
assenbly and a first barrel coupler; Figure 8.is a cross sectional n?/l ew
taken along line AA from figure 2 iI:I ustrating an accumnul ator section of
the barrel -assenbly and a first barrel coupler; Figure 9 is a cross
sectional viewtaken along line AA from figure 2 illustrating a second
portion of the barrel assenbly; Figure 10 is a partial perspective view of
a second por riguredfs idieabarssd sestoaidly vidwistakahi Yomy skicenddhrbafrosl

coupler; Fi ggiguiel '§ ﬁlsttQQtyﬁgew ﬁazzclreaqg@tmgeh Lisgugse kdpis a cross

secti onal ewewo the cradl e menber taken along |1 ne C—C of figure 11
illustrating' 'the first carriage coupl er, the second carrjiage coupler, t he
first basrel Fl@-mpcﬁtlmemb@m%arﬂfcﬁih@n@eww Baden| ademshokinengdbef=omHi gur e

13 is a frongiyi.@W of iibestaddhe mEMBLekhdtiSll atddiget NRctidd SkicRr B age
coupl er and thesf Lrst. qtarrﬁ support nenber; Figure 14 is an end vi ew of
the cradl e m%%%llp RIE [ng the drive m)unt Figure 15 is a front view
of the yoke; Figure 16 is a back view of the yoke Figure 17 is a cross
sectional sidbguteeW Ofist e yekeperaken vidy - idlwngakine BaDaobufiluoe 16; 10

C 4 AVG 3005séc1!:i'ogu5§ AR birrét Q@Eéd\lﬁy Qﬁ&sé)%ﬂcb!eba\ﬂr@w afuphibe; barrel
assenbly and carriage assenbly illustfrating installation of the barrel

assenbl.y within the carriage assenbly; Figure- 19 is a partial .perspective
vi ew of the Bagwwsl Saskend| gross sectional view taken along line 22 from

figure 2 illustrating an accumulator section o©of the barrel
assembly and a first barrel coupler; '

15 .
Figure 9 is a cross sectional view taken along line AA from

figure 2 illustrating a seco:;d portion of the barrel assembly;

FPigure 10 is a partial perspective view o'f a second portion of
20 the barrel assembly illustrating a second barrel coupler;

Figure 11 is a top view of cradle member;

Figure 12 is a cross sectional side view of the cradie member
25 taken along line C-C of figure 11 illustrating the £irst

carriage coupler, the second carriage coupler, the first barrel

support member, and the second barrel support member;

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

Figure 14 is an end view of the cradle member illustrating the

drive mount;
35 Figure 15 ig a front view of the vyoke;
Figure 16 is a back view of the yoke;

Figqure 17 is a cross sectional side view of the yoke taken

40 - along line D-D of figure 16;
: 10



and carriage assenbly illustrating the barrel assenbly installed in the
‘carriage assenbly; 10 Figure 20 is a top view of the carriage illustrating
the relationship between the second barrel coupler and the second
carriage coupler; Figure 21 is a partial top cross sectional view taken
along 15 line BB of figure 2 illustrating the relationshi.p bet weenjtAUG 2005
first barrel coupler_ and the first carriage coupler with a spigot tip
nozzle for axial carriage force; Figure 22 is a top cross sectional view:
taken along line BB of 20 figure 2 illustrating the relationship bétween
the barrel assenbly with'a spigot tip nozzle and the carriage assenbly for
axial reactive injection force; Figure 23 is a partial top cross sectional
view taken al pig, o29g! idlen BRrofaf i@utbSectiiv! wsdy alti Rge Bdreel cksdendOBhi p
betueen the ILiflo23llsl SOURLS PNALDG T Sho R0 GPUML bartbin @
semi spheri cal ®% piﬁgiﬁ?e_ or axi al’ carrlagg orce; Figure 24 1s a ,top
cross secti onagsepbdy widkén HICoRHFII348 #5BPLY30 figure 2 illustrating the
rel ati onsi p between the barrel assenbly with a sem spherical tip nozzle

and the carriagg., .assefdbly J08: &XiRlrsp&aAQYEL Ve dw | BC ROk L CasdenBliye 25 1S

a cross sectional view taken_ al | i, AA of 35.figur il ing a
screw | ocat ed®**h tfEFBEFT el aﬁsseé"g’ggl yl?ﬁusﬁaﬂr}gst %hﬁer;halg\getzal poésllé%tﬂ%g% and
Figure 26 is &nstedied siecthemarrisesvasaiddyal ong line AA of figure 2
illustrating a screw |ocated in the barrel assenbly in 40 a second

i tore ‘LSt o101 piectiban seleding; machige. 12C1
ot anhor rinl Ao UOTC (o0 W A e Pheban ITRueeais iR Fhe s
| aten. 22Act uBPHREIOBSHIR, iRECNEFT 5"?%‘?‘11.“56’3%&?@5& aﬂ%l Fhe&SeLORBI d.

27i nj ecti on asseriaby.coupler;

Figure 21 is a partial top cross sectional view taken along

15 line BB of figure 2 illustfating the relationship between the
first barrel‘ coupler and :the first carriage coupler with a .
spigot tip nozzle for axial carriage force;

Figure 22 is a top cross sectional view taken along line BB of

20 - figure 2 illusﬁratiﬁg the relationship between the barrel
assembly with a spigot tip nozzle and the carriage assembly for
axial reactive injection fcu%ce.-

Figure 23 is a partial top cross sectional view taken along
25 line BB of figure 2 illustrating the relationship between the
first barrel coupler and the first carriage coupler . with a
i semispherical tip nozzle fo:c:. axial carriage force;

Figure 24 is a‘'top cross sé‘ctional view taken along line BB of

30 figure 2 illustrating the relationship between the barrel
assembly with a semispherical tip nozzle and the carriage
assembly for axial reactive injection force;

Figure 25 is a cross sectional view taken along line AA of
a5 figure 2 illustrating a screw located in the barrel assembly in
a first operative position; .and

Figure 26 iz a cross sectional view taken along line AA of
figure 2 ililustrating a screw located in the barrel assembly in

40 a second operative position.
11



28I njection unit frame. 30Barrel
36Drive assenbly. 38Screw translation drive.
42Carri age actuator. 44First barrel Portion. 46First barrel.

48Second barrel
nmount .- 550 enin

actuator.-
68Seal i ng

76Accunul a
concentr at
pt tip. 90%
menber .

60Second barr el coupler 62Nozzl e. 64Accunul at or.
c1afBB QR-ate section.

ortion. 50Yoke.. 5l1leni:n 52Cradl e nenber,

assenbly. 32Tie bars.

34Carri age assenbly.
"40Screw rotation drive

cou ter.
53o0peni ng 54Dri ve

. -56Fi rst carriage actuator. 57openi ng 58Second Gy Abgegs
66Seal I'n j oi nt.

7226ountin flan e.

74Bor es.

bore-—82ELr

or e i SDLﬂ% RﬂELfo'dianEIPr axial

)_F_%Z ac l ef\l laar 1 —_— Nl 1
v OT € UT (&} HUéLIC. oO0IVUTU™T
\EHlp ﬂ@igagbth .. QZOQBHIﬂq. 940Qen|nq. O6Axl al _force
16| Stationaxry platen.
18 Clamp frame member.
20 | Moving platen.
22 | Actuator,
24 | Mowing haif of a mold.
26 Stationary half of a mold.
27 Iniection assembly.
281 Injection unit frame.
30! DBarrel assembly.
32| Tie bars.
34| Carriage assembly.
36 Drive assembly.
38 Screw translation drive,
- 40 Screw rotation drive
42 Carrizge actuator.
44| Pirst barrel portion.
46| First barrel coupler.
48 Second barrel portion.
50 Yoke.
51 Opening
52 Cradle member .
53 _Qgen;ng
54 Drive mount.
55 Opening.
55& First carriage ackuator.
57 Qpening,
58 | Second carriage actuator.
6¢ | Second barrel coupler.
62 Nozzle.
64 Accumulator.
66! Sealing joint.
] Sealing joint.
70 | Blengate section.
72| ¥ounting flange.
74 Boresg,
761 Accumulator end.
78 Spigot,
g0 First diameter axial bhore.
82 First congenktrator.
g4 Second diameter axial bore of a nozzle,
86 Mold end.
88 Spigot tip.
g0 Semispherical tip.
92 | Opening. !
94 | Opening.
96 | Axial force linkage member,
98 | Thermzl igolator.
99 | Linkage insulator.
100 Bore.
102 Threaded bores.
104 Elongate section.
108 Threaded bores.
110 Second Concentrator.
© 112 Firat 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 connectox.
130 Flange.

12

1d. 88S i
| i nkage



98Ther nal i sol ator.

104El ongat e secti on. ] N
di aneter "bore.. 114Bore. 116Second di aneter bare.. 118End wal |

122Bore. 124Second end wall. 126Si de. 128Cyli ndri cal

.accunul at or

120First end wal | .

.connector,

'138Liner. 140Feed throat, 142Cuter

99Li nks a insulator. 100Bore. 102Threaded bores.
108Thr eaded bores.. 110Second Concentrator. 112First"

130Fl ange, .12 132Bares 134Second enin . 135Second end wal | .

barrel. 145First enin . 147AX|aI‘UbA8E 2005_

'148Second carri_aqe couoler 150Second axi'al force |inkage menber. 152Fir st

‘carriage cou

First coupl

menber. First

iseat.

232 |4 ; . Secand $upport
DS =con§>%d1ﬁd 7T ' - DIt

B38 [ohinect andoff — Back side. Central _axial _bore—Barr el

140 [~ Peed throat, .

142 tuter barrel.

First opening.

Axial bore.

Second carriage coupler.

Second axial force linkage member.

First carriage coupler.

Engagement member.

Support sur?Eca.

First carriage stop.

Second carriage stop.

Screw tip.

Check valve.

Reciprocating screw body,

Pirst carri Lage actuator housing.

Second carriage actuator housing,

Firet end.

Lengthwise axiazl opening.

First carriage coupler.

Support Web.

Upper carriage membar.

Lower carriage member,

Support web.

Upper carriage menber.

Lowar carriage member.

Upright wall member.

Upright wall member.

First supporkt.

Pirst coupler member.

Second coupler member,

First coupling surface,

Second coupling surface.

Second suppork

First coupling member,

Second coupling member,

First coupling surface.

second coupling surface.

Support Gussets.

First barrel support member.

Second harrel suppnort.member.

First upright standoff.

Second upright standoff,

First upright standoff.

Second upright standoff.

Yoke mounting surface.

Barrel first coupler opening.
¥ountirg surface, .

Threaded bores

Opening

Front face.

Back gide.

Left side.

Right side.

Opening.

Central axial bore.

Barrel seat.

First voke suppork. C

Supporting surface.

Second yoke support,

Supporting surface,

Retaining plate.

‘13



First yoke support Supportingsurface. Second yoke support, 260 Su rtin
surface. 262 Retaining plate. 13 4 AUG 2005 DETAILED DI scRRI PTZ OF HE
PREFERRED NM ODI NT [g | An enbodi ment of the invention is initially

described referring to Figure 1, which illustrates an injection nolding
machine,. 5 generally indicated at 10.; The injection nolding mchh}eAUG 2005 .
includes a clanp unit,' indicated at 12, interconnected and secured to an
injection unit,: i mimates o Any S eLirk v ed to a clanp

10 the clanp unit. 12. A noving platen 20 s operable

bet ween an ggr?ne{lr&gﬁuion and a closed 'position through an actuator 22.

Those skill i eMSY Ofpphe dPNEREdMRat s t i tael Lintdsscpibadayeberrigigt her .

hydraulic, eteck¥dure dr ahéombihbtsiteared dy dirgekt Corinsbldeh@ChadiginGt uat ors.

A plural bty @dndre®1PangaSarayt end betweep, 15,106 stat &ngf@i% pllpgghelgew and
on-a ftac

t he actuat or, Vi hal f .. of ,a_pold_ 24 1's nmounte e of the
nmovi ng pl at elnn%ér dgéng%a Cris ‘tiué‘ﬁtéfyfﬂdolﬁat(?fi ot 2BNeEComnsted éRda face
of the stati%HaRY {1 aRelrIFELign WAL, cinddpatad a1 .of figure 1 is a two
pl.aten clanp. Alternatively, the clanp unit 12 may be a nmulti-station

clam uni t.a facesaim 18: 5l Ak M0kl &arl S o gyl NG I0LE,Lhag ong movi ng

pl at en arpd %e rlhan one qgld. Al ternatively, tT y be an
i ndex cfanp i £ miﬁgta ot afi FyREI Pravegcet25st opereble | rwsien phace of a
nmovi ng pl at ePenAlpeei i agidy a t hlesed| aopitdont th2onsty de sctiaedenpe| anp unit
having two mbbgs sigeat 86l tha SLEURREE:: AR 'tzﬁﬂt?%leoélc_@%%‘ﬁtﬂ% n%% L rmounted
on a | nj ectiaPnlin! {ydfipe, 302800 1he J nogetlan unit Ly e frame 28
typi cal |y houses the control system @ &ctTBRIEEBnd"p utdgkandhe
inj ection &8eHHIY -28FuRtR%Ener & RENGAEEY Phairebars SEmskyer8D begwean r i age
assenbl ¥5 34 ther staipipoaty nglaed secand nipet Betbantel2 assentbdiyid3@, nagd a
drive assenblya3fbiaThe o ind@ntsd ahes SChEWHO nSl %1@1%&5 JELLa o

in

. =% !
mterial andLeeg he gaberial, Torwarg T the bvrel” THTT dn ACEImul ation

franme nenber 18 of

zone. The drive 2'1 SO reci
stationary platen 16,

20 The clamp unit 12 of figure 1 is 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. Altermatively, the clamp
unit 12 may be an index clamp: unit having a rotating multi-face

25 turret block in place of a moving platen. Alternatively, the
clamp unit 12 may be a tandem clamp unit having two molds
operated in sequence. |

An injection assembly 27 is nfnounted on a injection unit frame

30 28 of the injection unit 14. ;The frame 28 typically houses the
control system, electronics, and power pack, The injection
assembly. 27 further includes :a. barrel assembly 30, a carriage
assembly 34 for supporting and securing the barrel assembly 30,
and a drive assembly 36. The drive rotates a screw to create a

35 melt of material and feed the material forward in the barrel .
into an accumulation zons. The drive also reciprocates the
screw to inject the melt of material into the mold.

Referring now to Figure 1 and Figure 2, the drive assembly 36

40 is further described. In an embodiment of the invention, the
14 :




screwto inject the nmelt of material into the nold. Referring nowto Figure
1 and Figure 2, 1the drive assenbly 36 40 is further described. In an
enbodi ment of the invention, the 14 2005 drive assenbly includes both
hydraul.ic and el ectric conponents. A screw translation drive 38 provides
axial movement -of the screw (not shown) in the barrel assenbly 30, A& 2005
‘screw rotation drive 4D rotates the screw (not shown) within the barrel 5

assenbl y 30. &gssgés%\b&ggﬂ?éﬁaﬁnbm §d§$m§ %yerg.%&:@l@%rnaag&éscrew

rotation drive S ter nat

conpl etely. MydPersi CrePstipret8Lye e?%cPF?‘EdesA@f‘F?f]at TOYFRsRtt Ré  the
transl ati on dsdvee Bfotarshalh) iredhpr baateds abdanblycBow Wi tdmel rotsttionn of

the screw by &Jl%eSCaroe%e;%tsl Offhedréé&%w 1(het0. sﬂm;b%rt@l&nascﬁenmevn%(i i's
nmount ed and secure ret a| ed wit

carriage & it end’? "Bethe terr?ntg{h]%tlc?ﬁr PFé o gszslggg'lygr%‘ﬁhgn&ntdhe
stationary pliéteerscte&eerq.@tﬁpguﬂm‘?@ 400pE alieshr b thélﬁ%\fmlﬁta‘qelyactt@&tor 42

mloves t][le | ngrachi Qeuﬁeseablcwmﬁfeﬁ&wmraﬁuoawﬁy EsmpDet BBy Stakdwiiary .
t
platen tor \tllvb{@ é | Bf rg&%%aﬁsﬂﬂﬂ%hedh%o 38OR¢ aal%tly"‘%ééhp%? Pc-}f1 Hgpushi'ng.

20 Referri ng no e I njection asse

described. THSTEHrYithGEE EUSAPY A HRCTIIRYS BY 4 k&ﬁé&Fﬁwn’é?Fﬁéf“’n 1"3 yoke

- 50, and aodriate nount 54 for nounting the drive assenbly 36 (see Figure 1
and. 2). 25 The barrel asserrbly 30 includes a first barrel portion 44, a .
first barrel oupl er ecqnd .barrel_porti on 48 and a. barr el
coupl er E’FFrﬁl t?gra?'ﬂl?ly g’@pllgrm%g’ | g SHFESEG O Pttﬁén% r"F r‘El%lﬁssenbl y
30 and |nterl@@ksﬁ#%#gef|¢%qembe3ar?$ageTéﬁuﬁPe1FlatgG FEEHR PR N2 baryesKds
assenbly 30 ivetkBen IReCasftiage asmmnyywzhnﬂbne fdtasiosary pdgeercoggker is

f or med gpterﬂsq %tf theg%égmléﬁ %@d A0 999._-1 ”;et&geoql ew%mge% Wel0 Dbe

descri bed | ater he' 1 oc Fnes a

L on arre
first 35 barPdPCHOR | BFARIANG’ at§’§'85 B‘é réT’a)f)o% ntg% SERLHEEHr 1 el
assenbly 30. plakef i fart lematéhs pblre i enf 4F i wpzedet Poke ofortiset Wakhek t hat
i's capabl e ofgpMibhsisafiig Ng i nj ection pressure. The second barrel portion
48 is a section of the barrel that is ,

20 Referring now to Figure 3, tjhe injection assembly 27 is further
described. The carriage assembly 34 includes a cradle member
52, a yoke 50, and a drive mount 54 for wmounting the drive
assembly 36 (see Figure 1 and 2).

25 The barrel asgsembly 30 includes a first barrel portion 44, a
first barrel coupler 456, a second barrel portion 48, and a
second barrel coupler 60.; The first barrel coupler 46 is
disposed on the barrel assénﬂaly 30 and in’eerlocks with Ffirst
carriage coupler to secure the barrel assembly 30 in the

30 carriage assembly 34. The firgt carriage coupler is formed
intermediate the vyoke 50 and an end of the cradie member 52 to
be described later.

The location of the first barrel coupler 46 dJdefines a first.
35  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
second barrel portion 48 is a section of the barrel that is
isolated from axial forces, both the axial carriage force and

40 the axizal reactive injection force.
’ 15
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I sol ated fromaxial forces, both the axial carriage force and 40 the axial
reactive injection force,. 15 4 AUG 2005 The second coupler 60 is disposed
on the second barrel portion 48 and comrunicates with a second carri age
coupler located at another end of the cradle nenber 52, near the drive
mount 54', 5 retaining the second portion 48 of the barrel assenbl y.ﬁ(hjdwzm
t he cradl e assenbly 34. Alternati-vely the second coupler 60 may - be =~ "

di sposed between the first barrel coupler 46 and an end of the second:
barrel portion 48. 10 The_ carriage actuator 42 includes a pair of hydraulic
actuators Tt CAFRF £EUBERRP 58, dgmwseddomftisheebondtbacasl | pge1a6t uat or
56 connects 48 amde coimltioh téd avitar l’al ée@orﬁ‘ﬁ%%@iygé‘boﬂxﬁi@f’gib&tegoggem i onal
fastener* sughRiAs: i Re(RRL & Q&Ee(}u t he 01::%ﬁnl ngv 51 an The
other end of the first cartl a‘% 5t Uatbf B IMTeSFEVS J"MRE Sfationary
platen (%ee ™ ah?’élgl) SBRABRPISLCT WEF e diié darFehgesmmblat 09 56
connects to teeseowHe astet®lyf 34 hexltarmdtdgel v ssenbbyodd cbhﬁmagh;oaﬂ.% her
convent i onalbe Easzsceawr petideratha Blsd RAtrShQWL 1 LhT sHalt he gpgnings 55

and 57. The _ gng?&fe therts_Lg [% .carriage actuator 58 connects 20 to
t he statlonaryp aten tlg eferring now to Figure 4, a cross

sectional view of the barrel assenbl y 30 is now further described. The
barrel mssefheyc@fFiags aita\amommnﬁﬁdlwebharpdﬂieoeamydx&gh@%ﬁ‘gwm% The

barrel 25 agserddoeadds idichkidess t hepd it 44 and_t he second
barrel portien 48  The first: arrn% %:nc?u %1?1 déasrgg% S %572 He barr el

assenbly 30 AnSCFEC ResCt B¢ K3GRaA8 tlﬁet%éi'lagt%éssﬁf@]s}‘t 3li9a|tP§PuE6brat i on and’
the second Bary¥itiper} | tastempe’ se@on@ls bapie| (mpupstenmf0 theoddispaaed at an
end on the speningsbair eAnd30510rt iTBE 48het Nehddi %fem@dlﬂ%elé Jabe; {def St

bar el goupleruftBiss LoLRAERI Ly Las Bd.onbbe firs e{)arrg%gg,gryf,on 44 and

onto-t ou 't he

t he second bar o] I's Tor
second bar r 8P° pedﬁt f’g Seggndl'ﬁérﬁar%et apater B%rctqné‘ﬁcﬂﬂ tion@l gekeapda nozzl e
62 and an &tdurmA dther caridfisc aseztley 62 ithromthaitiothét Yo@ReHEshadly a
plurality otaémtaene&a: t@ anpfmdu@,t EWCEHMQQJ %e é‘pen-EHSS §Pzzle 62
seal s at th§7 0| o 8L t%?xdtg and of rjtc51ec‘_=1lz1i__ccurml ¢ 64Bprevent| ng
| eakage of rraterl n axi al 5t *¥he 2¢ Uacor’ 58" cornects

o the stationary platen {not shown) :

Referring now to Figure 4, a éross sectional view of the barrel
assembly 30 is now further described. The barrel assembly 30
is shown mounted within the éarriage assembly 34. The barrsl

25 assembly 34 includes the firsﬁ barrel portion 44 and the zsecond
barrel portion 48. The first barrel coupler 46 is disposed on
the barrel assembly 30 and defines the boundary between the
first barrel portion and the =zecond bharrel portion. ‘The second
barrel coupler 60 ies disposed at an end on the second barrel

30 pertion 48, In this embodiment, the first barrel boupler 46 is
integrally formed on the first barrel portion 44 and the second
barrel coupler 60 is formed onto the outer surface of the
second barrel portion 48.

35 . The first barrel portion 44 includes & nozzle 62 and an

accumulator 6&4. The nozzle 62 is mechanically secured by a
plurality of fasteners to an end of the accumulator 64. The

nozzle 62 seals at the joint 66 with the end of the accumulator
64 preventing leakage of melted material. An axial bore of the

40 nozzle 62 aligns with an axial bore of the accumulator 64
16



40 nozzle 62 aligns with an axial bore of the accunulator 64 16

permtting a flow of melt during injection. Alternatively, the nozzle 62

is of unitary construction with the barrel assenbly 30.-5 Fhe second -
barrel portion 48 is a feed section and is nechanically secured by a
plurality of fasteners to another end of the accunul ator 64. The Seﬁﬂﬂﬁszmﬁ
barrel portlon 48 seals at the joint 68 at the other end of the"

accumul at or ,.1.§9 ﬂf al £183012 faéle R S5L ARG LA IE! m!érhgenﬂe& | {gns wi th
?t

t he axial bore e accu ator perm(ftin "fromthe
second barr €F°%3 8”"? g%ryac 6?“6‘21‘9‘:}} ﬁhﬁn\gﬁf’f%lr BEERTRY

enbodi nent of3&.he invention, the first 'barrel portion 44 and the second
barrel portion: 48 are of uni tary construction wthout the joints 66 and

68. 15 Relerifi0 QoW 0 FI.aMHC oitdfhs O.adt 0, eTDOGLIRNIS OL.R NGAZIG 62 are

descri bed. The nozz as an %8 ¥ ndric sectlon 70 exfendi ng
from a nount |’PF§hf“|“d3r‘FééY7%ectu6eg %Iadp 87 of TRESHTSZIFR B Phe®Hbunt i ng
flange 72 is @fylthadrtomiulanek X3 :f ofhedssegpndgbatralo roheiawl dgaeelzydd ndri cal
section 70. The gmmtdsnatftwg@hgﬁ dhdsoca thanRbafuigheat €. t hanakha '

‘clongate  seqidi@io: (e, 10%PUALLAT LEANgC 442 61 RS, 201 MGk b

spaced apart ores for rece|V|ng
accumul atbr e¥d tA6 SFCERE ke PTG t’rl'i‘gclaudcé'é’wa@pi“@b‘% Seem) t@S #8conthe
Spi got seal Xarirsl cybtuidni ¢dl tandhexbendslatdmafdl y Id ram alisirdetdfe t he

flange 72. Th&b@@ﬁﬁén% @% Itﬂel Eﬂ@e%t%oﬂﬁléhe cﬁ%@eebame w}t%ﬂa@élm

di anet er aX|th bor e g { % ncegérator 1[2 ecorl di g

axi al bore 847§ nsecé’ akfair5ﬁ dFPF Rt nj 8ctd 6n, ° hé‘nh’éﬁy chdmh §PCF%°&| ves |
the melt 3D fwighrethébactuimiFatbrihtbugh the opening 92. The nelt travels
al ong t hes nel t channel in the nozzle 62 and exits the nozzle at another

openi ng 94 erherfgyé ot {Pldgudd) 5254 rét & RBRn 2l of N PQZ7l &262, the
nol d -end 86 es a's ot ti 8? (Ittl 88|scI|ndr|caI
and ext ends |E’rﬁeo 586 qrren&éﬁgyn%???f%d ‘?‘CBPS bSBegﬁ ﬁn%a{epr%mﬁﬁ $ilng not
shown) for tisfetiwedlli aytanddngcinont abetunsdne tHangedi2d tene B6.doknd S nozzl e
64 and the spjauenhusbifle &Ari Nghe mounting flange 72 is cylindrical and
20 formed integral to the elongate cylindrical s=ection 70, The
mounting flange 72 has a diameter greater than the elongate
saction 70 The mounting flange 72 includes a plurality of
gpaced apart bores 74 for receiving mounting bolts (not shown).
The accumulator end 76 of the nozzle 62 includes a spigot seal
25 78. The spigot seal 78 'is? cylindrical and extends outwardly
. from a side of the flange 72. The nozzle 62 includes a melt o
channel made up of a first diameter axial bore 80, a Ffirst
concentrator 82, and a second diameter axial bhore 84. In
operation dur:Lng mjectlon, the melt channel receives the melt
30 from the accumulator through the opening 52, The melt travels
along the melt channel in the nozzle 62 and exits the nozzle at
another opening 94 en route to a mold.

In a first embodiment of the nozzle 62, the mold end B8
35  inclbdes a spigot tip B88. The spigot tip 88 is cylindrical and
extends into a complimentary cylindrical bore in a sprue
bushing (not shown} for tight sealing engagement between the
mold end 86 of the nozzle 64 and the sprue bushing during
injection of a melt of material. 1In operation, the spigot tip

40 B8 is in sliding sealing engagement with the complimentary
17



injection of a nelt of material. In operation, the spigot tip 40 88 is in
sliding sealing 'engagenent with the iconplinmentary 27 . 4AVG 2

cylindrical bore in the sprue bushing. The- spigot tip 88 is permtted to
nove with respect to the sprue bushing, | In a second enbodi nent of- the
nozzle 62, the nmold end 86 5 includes a convex sem spherical tip 96
senispherical tip 90 engages a conplinmentary ,concave sem spherical opening

in 'a Spruecgbmﬂh:m@ai nl@éresmwﬂhef @briié gﬂasrﬁagl | nehengaggsendihedgvegn the
nol d end 86 19% I{I__%e&o m% g Qge&prc e &u%r?grﬂ,%%m%nj ection of a nelt

of material. noeralon semsp erica in force sealing
engagenent with the corrpl | rrent ary concave sem spherl cal opening in the
spree bushi ngy. aRefezonii ngmbodidemtFi gfir ehd aogkld® 62, atbeimabad orendedd on,

15 general | y;idydiseat §d.85.8H4 sehfsMe3gELDeip Bfae a%ﬁyny&@;s%ekﬂgélqu% an

el ongate sectd on 104, and a fjrst barrel coup ? an enbodi nent of
the inventiof’ FIHAIESUAI é:PmBr 1"Ieﬁl5ls‘ﬁ¥le§°n°§r’fea§?’§’rsw&8a i RS Iy |
i ndi cat ed ass@Ge dmdhing heyrakhovmb| farotighthdissdied avg@Rment Abéewswat i vel vy,
the coupler &g rf@aadZdeancdstef atﬂé NHcRg@ei B3ULAROLRT sPPLE Nphsh aluRXiAl

force |inkage . nmenber lnte ted w th,a thernal solator 98 A axi al
vEL gh ]h & :barq 64. é"ﬁannel

mel t channe’rnjeextenrclis ? rol e accur?ualtejt- axI A

i ncl uded® a feemisrhecinnd d-‘tl@r i dreetier IeaFe F3pling %@é@ﬂ%ﬁ@owb@h rtdweor 110,
and a secondcdiipatimé®tardyor @ohdbre Them?bpidishl acepsninat oindi enet esprer e 112

aligns and cgppeglts with the first diameter bore 80 of the nozzle 62. The

second dianmeter bore 116 aligns and: connects with an axial bore 147 of

t he second barrel portion 48 (not shown). The vol une defined by the second
di anet er borkefeiifng whowh tdef Fomsrean7acodml at eon BCumebymyr deéerivmmes t he

maxi WﬂﬁValéﬂkﬁlﬁhOtlnah.éﬂtéd)r ab nj@ct LN adset onas. rml dTheT hecagmuadzt or 64

IS substanti aI I I L ndr vval I nes (bet ween t he
outer surface ofyld‘te% im ate ec@; |on&‘?0f an&l tﬁnlrs Slan e%qe

e8| 8 SEC .
wi t hst and hi4fh pﬁéseﬂr@bc%a@e% qinjthet ivienaher r c&et FORPle] éénwlﬁﬁs(:e I'n
an enbodi nefif fial h€otdw enirkage hétbaral infiliaiedess oF, thmai a thermal

isolator, indicated as 98B, :Alternatively, the coupler 46 may
20 include a linkage insulator 99 which is an axial force linkage
member 96 integrated with a thermal isolator 98. Ah axial melt
channel extends through the accumulator 64, The axial melt
channel includes a first accumulator diameter bore 112, a
second concentrator 110, and a second diameter bore 116. The
25 first accumulator diameter bore 112 aligns and connects with
the first diameter bore Bd 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 veolume defined
by the second diameter bore 116 (which defines an accumulation
30 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
35 section 104 and the melt channel) to withstand high pressure
due to injection and reactive injection force. In an
embodiment of the invention, the wall thickness of the
accumulator 64 must also withstand axial carriage force.

40 The nozzle 62 caonnects to an end wall 118 of the accumulator 64
18 :



accurmul ator 64 nust al so withstand axial carriage force. 40 The nozzle 62
connects to an end wall 118 of the accunulator 64 18 AUG 2005 through the
flange 72 of the nozzle 62. The end wall 13.8 of the accumnul ator 64
includes' a plurality of threaded bores 108. The flange 72 of the nozzle
62 includes a corresponding plurality of -bores 74. Bolts |nterconneggq d bgs
nozzle 62 to the 5 accunul ator 64 by the bores 74 and threaded bores 108.

The bore 1l4clmupheriaccammbat o5 64 s %zgp%rpgj mentar v di 0Bt ef, 4

tightly receiyg Egg 1,991 ZA? q{‘c {lge noz or sea mga engage nt fhet ween
the nozzle 62 an accurru At o E?Hatty P& dsdaPores ' 10fe
installed to %eevgrﬂng]eeaﬁ%gé’flothﬁet nmiet he2 no,zlz:ll'ede&a‘z andedrrespasiimygl at or
64. Heiater barsisahity ofobyesst |7analﬁd1tﬁegwe@@oﬁge@gltggt@gzzgg%gg@o q__fhtet h]e ]
accunul ator  Kéuaid bhe g5 cQ r 46 an enhodi ment of the
invention, the czrfgg? Eﬁ ?Jg ﬁ:ﬁtge%r% /4 e%-sad%“{ n%?Feé‘n&OBf t f&e .
accurul at or &%TE riat e?ffcunf-’lll@t%tfél &f 26 ermplieentayapdiatesezonponent

retained or $debtled receivee Howumpigdor 786.ofFOEhexanpkee the coupligy 46 may
b uel ded |t anshgmeiternaitacael Admacumibalorl g Liregded, Lo the

accunul at or killed in the ar appreci ate

retai ned or g‘gcugr%gﬁe%‘fec?l osﬁa?ruﬂaybgaedeé?ﬁ?‘?&d‘efio ti PHTERA Ja%ekaiarEf orces:
In an enffodi RERYSSF thRen9arient? omd the ascuphbrtott 6incHadesr Atandaxhak force
| i nkage rrerrbebn@ﬁtlEmalltﬂ‘leseeﬁbéuiltmarEn idukust saiRte 27 e axlaluborse

~ linkage nenbgs 9f ife asiRAl gzéz)f fog]tl yer gxtending nenbers integrally
formed on the first end wal e coupler 46. Alternatively, the

axi al force |inkage rrenber 96 may be a plurality of outwardly extending
menbers, or 1A ¥ @mapdinensf obt thedohferpdsns, tisr caupyéd ndr EsalnddgRglryrenber |
30 that ssmy Beridl el Ain GindSQEAMNALE abkaMIAGy CRYP! erAl%grnalﬂvef{{]Otpl? |
enbodi nent Of:o&;h_ ggeg%yog e %ggg I ncl arr %l force
| i nkage menbers %fS 3ee f100re ezf"gﬁane‘ﬁ di?rt@"‘?%‘} CE:H SFG8Ee off t he
first end wafPe EEGUmMERORed §ecoFer efarlel 2 thef coyrderodpl may 6. wadbddghose
skilled in the thet outét apfeeei @t ehkhatcurieatsOSs, SecCtha@bgatsany the
force |inkagg-dmibeo:96 40f &‘H@sec%lﬁmféd 49 the art will appreciate that

© 20 any retained or secured connec:t:.on must be designed to
withstand axial forces.

In an embodiment of the . invention, the coupler 46 includes an
axial force linkage member 96. For the embodiment illustrated,
25 the axial £force linkage member %6 is a pair of outwardly
extending members integ:_:a.l-ly-formed on the first end wall 120
of the coupler 45, Alternatively, the axial force linkage
member 86 may be a plurality Iof outwardly extending members, or
& plurality of standoff posts, or a cylindrical ring member
30 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 amd
figure 23) disposed on the first end wall 120 and the second
wall 124 of the coupler 45.
35
Those skilled in the art will appreciate that the cross
sectional area of the force linkage member 96 of the coupler 46
is such to withstand the required axial forces. In addition,
placement of the axial force linkage member 96 is -such to

40 provide an even symmetrical load distribiution.
.19




I's such to withstand the required axi‘al forces. In addition, - placenent of
the axial force |inkage nmenber 96 is such to 40 provide an even
symmetrical |oad distribution. .19 4AUG 2D Alternatively,, the coupler 4:6
may include a second axial force |inkage nenber (or |inkage insulator)

| ocated on d second end wall 124 of the coupler 46. 5 In an enbodi minkugfz ,
the invention, the axial force |linkage nenber 96 includes a therma®™ G 2005 -
i solator, generally indicated ‘as 98. For the enbodinent illustrated, the
thermal isolator 98, is. ipntegrally formed on an.end of the axial_force -

| i nkage rrenb%rt?fﬁa@éfﬁgy' rgn}tmr'licm. 51%5 %emaé’r 6§“§f§%%tar oeraﬁongr %Jél%]? f95&°1 i nkage
nmenber 96 f orinkaae avenhn Hox. lipkage daselatpr)cdopheed (Pota strrmid snd t he
cradl e menbesaliz2iz24 rofopneasdupiertdee thernmal isolator reduces the
conductiye heat transfer fromthe hot accunulator 64 and the coupler 46 to
the cradle nenber 52 and the yoke 50.: 15 Alternatively, the thernal

i sol ator may"he®%epEPodid@ent o tH‘g‘e DOEPE I c Mg niEige nEtiE: beikagE may be
a coating, orempay Be dncldidekeperrhempdlerisalator, rechiechhyyt belicenedacksve heat
tra]psfer- ] tTdae thf?f MBde !e&Bb@ianHnt' i&lmswlaégéizgﬂteegﬁsﬂﬁh a@%_@.s@%itz%o%aqy ng
surfaces bet.\ween e. firs arre u a e S carri age
coupl er. Thol\é\llgeg]f(aluﬁyegff O‘lrﬁe%_ he art W 3I°Ea§£6? e%f’aq‘e ftl"’t‘rﬁgt Ilf'?i]éag[ﬁ'né“reﬁéﬁr

i sol at of? i s %uch Bp BiriRizaRd the c&ees r sectigrpdl aterced. thee Yokebe 62 and
t he accunul aisebebbd Goet bemtdonr withes fiikst cadribas reluglert Qo ddoah) t he
barrel 'assqublyye ThEafd ralmfar 58l Pt i o0 LARALLYAJIC! 1183, 8, | | Ner

or protective _coati toé’rdBr of ect. the rreptgr%%annel rom abrasi ve and
corrosi ve nECOFFH SSTRAVEPFRY hRato SERRRRSY FTaRdtED Roh acwdndahaFr el
portion 48 630apné thescoubder 4Fhdosabemndsider sémlpror tRoand Stishguwkei §0a f eed

secti om»f theehardiobifssend! ¥nadhaand sbisdddas A Xddarhote £xdft 7eng first
openi ng 146,ax§ feﬁjq__nd ?}Q&PA régml???élér grgd a f%ed ethroo%ki%élo' I\/ater!bal enters
the second portTon 48 rg%;?h PR Feed T APSal® 12572k 88 & (WSt Shdwn)
di sposed i ndthEexEntamassThdt ef oy redyRiRy sthhecpaierivg  Pertwafrnsderhe axi al
bore 147 t ahar dseaotiunidaliantr64s HiepseapnihteanedlatRor 410 Ncdkkacting
substanti al lsye¥ddsNOKdGRnMEthB first barrel coupler 46 and the first
20 carriage coupler. Those skilled in the art will appreciate
that the thermal isolator is such to withstandl the required

axial forces.

The nozzle 62 and the accumulator 64 together form the first

25 barrel portion 44 of the barrel assembly. The first barrel
portion 44 coptionally includes a liner or protective coating to
protect the melt channel from abrasive and corrosive materials.

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

30 is 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 148§, é second opening 134, and a feed
throat 140. Material enters the second portion 48 throﬁgh the
feed throat 140. A screw (not shown) disposed in the axial

35 bore 147 conveys the material forward in the axial bore 147
towards accumulator 64. o

The second barrel portion 48 is substantially cylindrical with
2 suitable wall thickness (between the outer surface of the

40 elongate barrel and the axial bore 147 acting as a melt
.20




a suitable wall thickness (between the outer surface of the 40 el ongate
barrel and the axial bore 147 acting as a nelt . 20 C4 AUG NO5 channel) to
W thstand. pressure devel oped due to conpacting and sheering the feed
material.: Axial forces are not directed through the second barrel porl} %u
48, 5 The second barrel portion 48 optionally includes a liner 13B%®# AUG 205
installed within an outer barrel 142 to protect the barrel from adabrasive
and corrosi VvénatmbEy | ©d Svithheanhariesguds Gepelopdds duke tonsempdcringnaadhd

renoval of ih t He L boee o second
end \\//vall 13231%%';:§ﬁ% lge(QQEdSRQE\Q:):.aW | Dedie fusice nbd7.gikRet

second c{)%a 1on[%,ﬁcts to the coupler side of the
accunul at or HEAUER Gty AT Pf§6 e end wal | 120 of the coupler -
46 includes a plurality of 15 threaded bores 102. The flange 130 of the
second porti@R ddcoh8Chudes apm&bﬁsmmndpﬂgmahw alidindel honése# 3238 Bolts

L er connect i1 2eF YALpRR 4 2B ki) EOUR) B0l DXnbNEarlaa @20rd 32 and

t hread bor es* e coup I's of conplinentary
di aneter to WIFEVG FFECEPTEOHINE BIRFAAIT cal 20 connector 128 of the second
portion 48 for sealing engagement between the coupler 46 and the second

portion 48. gogea&%aae Orrd i EQé’pir%’i:aﬂﬁiﬂl%nOSn&%BbﬂErﬁﬁray sdikapeter to
recei ve the nat .V may be installed to prevent

| eakage *het wET Pﬂ%"“’i‘])l 3 ﬁb dﬁ?lﬁe lgecond portion 48. 25 The second

di ameter bore 116 of the accurrul at or 64 axially aligns with the axial bore
147 of the seEONsbcpaat bAN Wl A3seea@ndhbaksesindc @uptton 648 | orhertedton an

end of the Seé:o%%ug%’x“éﬁ%n§§ tﬂ-Qea(f%%ﬁQﬂi& Qa%&ethqﬁ%I €he 6916[&&@ gggs at

| east one 30° engag for conpl

engagenent witeh erckrtile Wgé?gf’en%’rﬁ GRDET f%r 1b?jé‘6\?§ntal rPglurF‘gf 8’F1al
“novenentisof thwaldadrbdressdrbl y ™6 dlegry 13§petatthenapconst mr@mor@f 48 he

Scrfw (nO]E SiuRles H@atc%ﬁcgbggui@mgrqn@@aywiamahbcy.»e%ecmzd tOBlathuter d
surface of t Seco arr n e trate
2Ry BLAULRh PREHON 98- oo dile eiBedl MRS bl | bHS

t he engagene rrecess mnachi r surface‘
of the barre*POreSAFL%r?ﬁit ihErsA Wésd’&fage%%tb%n‘b% li’5§hﬂa‘§f°”(?&eén
out war dl y 40ipradj eeindignetitaberdiametear grooaightliyr racelwd ther cghindredal

20 connector 128 of the second portion 48 for sealing engagement
between the coupler 46 and the second portion 48. The bore 122
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 pbrtion and the second portion 48.

25 The sacond diameter bore 116 of the accumulateor 64 axially
aligne with the axial bore 147 of the second portion 48.

A second barrel coupler 60 is formed on an end of the second

portion 48. The second barrel coupler 60 includes at least one
30 engagement  member, indicated as 153 for complimentary

engagement with a cradle iengagement member for preventing

rotational movement o¢f the harrel assembly 30 - during

operational rotation of the screw (not shown). Heater bands

are conventionally secured ta au outer surface of the second
35 barrel portion 48. ’

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

40 projecting membexr, or a groove, or a slot, or splined.
P2l )
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- 4 AUG 2005 Optionally, another recess 155 engages a renoval plate (not
shown) for preventing the barrel assenbly fromtipping forward when
~released fromthe cradle assenbly and aligning the second barrel portion
vertically with the drirve assenbly. 5 In an application of the nmachi ne
~ where the melt of material is a netal in a thixotropic state, for eapis.
magnesi um the nozzle 62 may be nade from DIN 2888 or DIN 2999. The

accunul at or dgeandiii Stnbaldze! r&Rup! a6568nki ugi ‘ ' 10 :force
| sol ator) rraghéoe rr%dié fr%m I ncorngllIEE 7101&5;__r ] th&a tell ?tgmeé‘t%g ?E?(ilaﬁééer . 81F’ﬁe '
second portion a8 #8Y BETAES Aede® IS g 1y 18rom, {3 pPANE;: EpTvard 12
liner. |In anvkgipldedgeserh fofomt fibe necidlne aspmdyt hed nel igndhgnaher sédonds 1 S

pl astic, thebsizal pobRomByebeidmae FiompAR4340 sty Wi th an HI3 tip. The
accunul ator: 44 and first barrel coupler 68 (including the axial force

I sol ator% may be made, frgm 4140' with ,a cast liner. The second portion 48
may be made ¥t G FPBO TR0 Akl TRBiDe HietRetho ale 6, macetimM asor 44,

first barrelacoeipdleri68a ahikotsepdndspatrd. ofvordGexmplbe MBEGiHIiee, f as a

bi'l | et _of mag&rzilal 607 ma@! Rl NAdda/ kYom t DY %Xésbeodzf ogggdz ¥ hotI,he
i sostatic pressin H chi ned, Reférring now to

I oces nd then .
Fi gure 3 anaacff,l‘mt_gﬁéo cr'%d?lg‘5 né’rfﬁZr g%’?rec}f CPRReT £B; iRy udduenthy sxdal s
- f ur t het?® desfaricBedisolaren) chawiike meddeiromsn¢enedufss anitthakl ytekcttangel ar as
shown in thelinep. Vi Gecolt Byreidd. 40yl B8 NRG' ha@e GOMPESEorkA87hg for med

on one end f té\ﬁ s adl ng r 52. A drive nmount 54 is forned on a
3&8 1 - : : .
second end o tftﬁh% cragﬁggnlgznggr 2. The drive nmount 54 includes an axi al

bore to connect the drive assenbly to an end of a screw |located in an
axi al bore din anbappicathot showe) macHire fwhesé clas micageot audeial78s and t he

drive npunt fdsgie 38 ab;egr@ctzam?g?@ hRROIELHE Bl 4&&6%9&1?@@58%9' €.

menber 52. first carriage co - 178 agd t he drive nount are
i nt er connected byPd fi&é‘? c%rc?’?“éggtoé‘ct%‘}atﬁ h&aEFhg PErrhnaowr e chhd
carri age act(éapbqldqq@ugpﬂgaqipg fgpce isolator) may be made from 4140 with
a cast liner. The second portion 48 may be made from 4140 with
a cast liner. ) '
20 .
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.
25 |
Referring now to Figure 3 and 11, the cradle member 52 of the
carriage assembly 34 is ‘further described. The cradle member
52 is Isu.bg.tantially rectangﬁlar as shown in the top view of
Figure 11. A first carriage coupler 178 is formed on one end
30 of the cradle wmember 52. A drive mount 54 is formed on a
second end of the cradle member 52. The drive mount 54
includes an axial bore to comnect the drive assembly to an end
of a screw located in an axial bore of a barrel (not shown).
The first carriage coupler 178 and the drive mbunt 54 are
35 aligned about a longitudinal axis of Cthe cradle member 52.

The first carriage coupler 178 and the drive mount 54 are
interconnected by a first ca::rriage_ actuator housizig 170 and a
second carriage actuator housing 172.

22




- a lower carriage menber 184. An upright wall menber 192 connects: thé AUG 2005
upper carriage nenber 182 and the |ower carriage menber 184. The second

carriage houdihey HiZEti r3rFiage cbonsinenyihwieanay a 13 eanapeider eerigatar

. channel for heushAgs ﬁrsmﬁderafdﬁ agRsds uat oirdd. caktt agecanthatakr sage

housing 172 ingcl uﬂ%”j anacS#HQ? &%E ﬁeli,(pc%gﬂl&é%ar aguglggrtof”% gcond

22 The first carriage housing 170 forns a | engthw se U shaped rectangul ar
channel for housing a first carriage actuator 56. The first carriage
housi ng 170 includes a support web 180 |ocated near an end of the first
carriage housing 170 and 5 extends between an upper carriage menber, 182 and

carri age hou5|n en. an upper, carria 88 and
a lower carriiRyatadnBHerT 199. eRdsé?f%nEF‘%pF‘r@’Ft rl"aﬁ‘ént?é’?“ ing 1ézl°cé‘ﬁﬁects .
t he uppers carextagds mbeibeeeri 38nangrelie daoweage caerbage 1ABnired 180.1c¥Wke

cradl e menber;52;:03S RerRPgt BYY sem><¢ lgﬁge@&m nqezf@erem@ngérngacfteoarh&he
drive m)ue"% 54 _Thi s

first end 174 of the c¢radl e nmenb ge 20

openi ng provig&sT ccfaéﬂgrlaﬂﬁo%?tbleﬁcf% ang. @b% °Fer TMSEPYT ng and Teroving a
barrel assembly (see Figure 3) withi:n the cradl e nenber: 52." Referring now
to Figure 11 manrd dekghd ecdPriaghe hbhsslg cony iRghs 35 seotpd elengtBwase the

second ca[ri u e Th radl e 52

i ncl udes?d;l s}g%ﬁgg plle%rtaﬂié%(f?t ﬁfe‘{%ﬁﬁgl enas Sl'gcn’ltsl%g hgse%c’ﬂ&] h?gﬁqpﬁg
menbers (192, aC’EQﬂSO%t 5f5he fiTR8t s8/EANBO CRyRiSE th%u%ngdl ﬁe%@“@? #n an
enbodi-ment ofsuplpert welvemnBé olpcatdd risfarcay iage cOupher séddhd nedmrdegea”
first coupl 'HMsE'RdTbﬁz 2084 aé}&e%dsS%@E\&E&nc%‘:bpﬁp&}gr“@ﬁ?@{ag%l@nem%@? 1Bgrst
and second cou nmenber s 208, . 210) _ext d U fr the u rlght
hal | *enber o Ao, 9U5% SARATE REREED B S SenEi AP TR | Y LABEBRLT | ot
coupl i ngisur fldde. me&r—sdqhne WESFN dcard ape | H@H@%ﬁbéﬁgzl@ﬁ ntheddswar second
coupl i ng surfaeeiddsd membbe Foior.st carri age coupler 178 forns an opening
about the longitudinal axis to receive the first barrel coupler 46; In an
enbodi ment of the invention; the first coupl i ng surface 212 40 and t he
second coupl iTh§ stF¥HEe BFFEngdYe FPRe AxilaNIFHFEE P42l opening 176

extending from the first end 174 of the cradle member 52 to the

20 drive mount 54. This obening provides clear unchbstructed
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
25 coupler 178 and the secend carriage coupler 148 are further

described.

The cradle member 52 includes a second support 206 that extends
between the upright wall members (192, 1%4) at the Ffirst end

30 174 of the cradle member 52. - In an embodiment of the
invention, a first carriaige coupler 178 includes a first
coupling member 208 and a. second coupling member 210. The

first and second coupling members (208, 210} extend outwardly

- from the upright wall members (190, 192). The first coupling

35 member 208 includes a first coupling surface 212 and the second
coupling member 210 includes a second coupling surface 214,

The first carriage coupler 178 forms an opening about the
longitudinal axis to receive the first barrel coupler 46.: 1In

an embodiment of the invention, the first coupling suxrface 212

40 and the second coupling surface 214 engage the axial force
23



4 AUG 2005 |inkage nenber 96 the barrel coupler 60. Alternatively, the
first coupling surface 212 and the second coupling surface 214 engage the
thermal isolator; 98. A pair of support gussets 216 extend between a back
surface of the first and second coupling 5 nenbers (208, 210) and the

upri ght wal | menbers (192, 194). The cradl e menber 52 al so incl ude?ggue
first support 196 that extends between the upright wall nenbers, T , 2005
194) and the lidkage m@bl 94 theebhirsl SHPROEL 6496 | ed. In an 10
enbodi ment ofg;the é&\ﬁﬁgégogu 4:Re sggond & rri aggacouéﬁ‘é% RE! Yol Bis a
first coupler nenber and a second€o %Feiie?@%@w%w sprdéaferet4 and
second coupl EFIMERTHSS thegprl JG0}aEsa-88d  Appeidiof fuppemn guepets Spird ace
first supportexi€sl dmdweat warisiak shrfuset be ups i ghisewahl SEIMEN So0 ?%n&; 194) .
The second Cakhh@de (253 COUPRh €Lndl48.1.9 openi ng_abo he | ongi t udi nal
axis to receive the second,barrel ec%tgjp lé? %%(i f&e%’?'rs'st Lag:%%'pll1'9r4fq!1-surface-
202 and a second coupling surface 204 engage conplinentary surfaces (153)
of the secondhdar¥ailecegpber 60. a28o Aifdingesbar k=6 UBROSIr HTENHE! t1k8 i S

formed on anewppdls Wethase tRé UHELHEC AT SHRROLL, 2P2, Thodh | 3 3 el
a n

support nenbgr. 21 L.acl.ydes fig.st, upright stando d a“se
upri ght staﬁfo f@ff%@ 'F%é stmglr?d&:r g %) Ttr3AY dfe Tofshapr@i ghfnalbove t he

upper suff acERPPIPRRE SBEoREE sEPFILOR06the esnsage camrbader cdfpleur flage of
the barrel adsdniby 80fifret tooslidrngetite 058 Sindd sehond WRLEL, 40 WD
respect to theg fir flh-2Qe5C A second el _support mnenber
220 is formed on fﬁ'{e Cﬂé:%t gg‘rif g%’:géﬁ %ﬁgl?ﬁ rrg “E)seﬁﬁpgiéé'l%qo’ﬂ%‘@ééond
barrel suppofR238¥e a8 WPRSTC FHHERS S FLFF S touppPr Y H96st andobitw@@Eland a

second uprigiee Shanyetigh2gelThembeandofdes (926, 228) 'seabla Ofard1BgLght
about the uppeplsr fage reiméha sReandy f hbsle SURPOLL .k epgage_an outer
surface of the.bat r% gggglg&)g%rg%ffi% &ocagz' n%“"ﬂ"é%ﬂ%%@%%‘gflba?’?’é E%upl,er‘
60 with respect to the secon 5" carfFr afe’ coupl ErranEourhing sustapsrr el
support mentféf P8 afd SEREPS eEOvRE Bdr rertaguppott eneatrer c226 frenrnay bar r el

al i gnnment nemvyéecend 1a%) abf rheaseqgindt berdear eqlplassesbl y 30 when housed in
the cradl e nenber 40 52. The cradl e nmenber 52 may i nclude additional barrel

support,, 24 ; ;
pp 20 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 Ffirst upright sﬁandoff 222 and a second upright
standoff 224. The standoffs. (222, 224) are of a height above
the upper surface of the second support 206 to engage an outer
25 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 me@ber 220 is formed on an uppsr

surface of the first support 196. The second barrel support
30 member 220 includez a first ﬁpright standoff 226 and a second

upright standoff 228. The standoffs (226, 228) are of a height

about the upper surface of the second first support 196 to

engage an outer surface of the barrel assembly 30 for locating

the second barrel coupler 60 with reépectl te the second
35 carriage coupler 148, :

The first barrel support mémber 218 and the second barrel
support member 220 form a barrel alignment member and axially
align the barrel assembly 30 when housed in the cradle member

40 52. The cradle member 52 may include additional barrel support
.24




menbers. Referring nowto Figure 13, the. first end 174 and first carriage
coupler 178 of the cradle nenber 52 are described. A 5 yoke nounting
surface 230 extends between the first carriage housing 170 and the second
carriage housing 172. The yoke nmounting surface 230 includes a nunber of

t hreaded bores f-or--receiving bolts to secure the yoke 50 to the ccagdhbt 20
menber 52. The first upright standoff 222 and the second upright standoff :
10 224 are spwmoddrmpart a di stance to securely support an outer surface of
the barrel assenbly 30. The cross sectional area of the first coupl i ng

surface 212 t he second ,couplin rface 14 IS l e mnthstand
and distri bu%%ﬁﬁ’r‘lzﬁg cBPYi &8e 94%};%(3 #’d tﬁléef rEFE bzfl“ﬁel ﬁc’g HEstThe
first barrel cogupras cP9prlder {118 dintbet twaddar mehbeso i3l @rreogemn@edgener ally
i ndi cat eds as yok32 mofief iy | sigraew o0 Fegidrslbetirbon dehy e siBeNt e D418kt he

cradl e r r S t.54 ing¢ludes,a 20"
nmount i ng sur gggg%% i& gH& g& 8&&8%9 ﬁégéagénéﬁugggp %fbnun%ér Pk?hread
bores 236 aréwBPBVFHéﬂ”F%CFeEéPvén?kﬂq?§ FoPumﬁﬁﬁnanﬁhf?ﬁﬂ%ﬁ|hﬂ§e§s§éﬁbly 36
to the drive reoaitivgd boBts . tqnaacngeZﬁﬁb|yakpravld@duma)qmaﬂmecmeﬁﬁyr dsze '

assenbly 36 t@h@nfu%'%duB§1@1§gt§ﬂﬁ6@J@t2§daﬁi‘ @hebaéwﬁd (dra% /60
Referrlqg no ? escrlbed

vy ﬁo Fig E%E % yoke 50 S
The yoke 50 i“8 r@ﬁ?aﬁﬁiﬁ Wﬁl n§ lFT’%ﬂﬁe fté’c@eflfﬁe 4 s‘ﬁ%ﬁﬁ{tfzf@ec?‘&?r
| eft side 244vrfags gHit thedearxed, asegrbamd30 botThencrIse srokéoBsgl jareaf of
sui t abl et hi gkeegsrdw daubmsﬁ@rwllr&(acaxmd sgar &hageeé@fd(:%ougbﬁlgycmﬁfé@e

I ncl udes a n gn rec | Its {0 _secure t he yoke
50 to the' % elﬁod%lgg§ su%%a§€§%§8 fhe cra euﬁgnber 2 CeFk&*ERnt r al
1

axi al bore 2§6rﬁ%1st°a they Strsh dRsret %Pl?’écﬁé -vi At Herabperel sesehpty 30
and a sewond 4di &ivet emtbothe deairel ngourlerbapereng3Sgeouplley 46dicBiredcaspl i ng
surface of thgpzyoke 50 engages the second axial force Ilnkage menber 150,
In an enbodi nent of the invention, the coupling surface is'a barrel seat
252 fornmed between the first diameter and the second dianeter. The barrel
seat 254 hasRaferdsg Ievt tenAigwiedio tiet Hsivmdnamd didstad tiree cradlaxi al
Carrlage f or @embéd5 52 is further described. The drive mount 54 includes a

20 mounting surface 234 for mountlng 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. F:\
opening 238 is provided to comnect the drive asseﬁbly 36 to an
end of a screw mounted in a barrel {not shown) .

25 i
Referring now to Figure 15, 16, and 17, the yoke 50 iz further
described. The yoke 50 is rectangular having a front face 240,
a back face 242, a left side 244, a right side 246, top and
bottom. The yoke 50 is of suitable thickness to withstand

30 axial carriage force. The yoke 50 includes a number of
openings 248 for receiving bolts to secure the yoke 50 to the’
yoke mounting surface 230 of the cradle member 52. The central
axial bore 250 has a first diameter for receiving the barrel
assembly 30 and a second diameter for Teceiving the barrel

35 coupler 48§, The coupling surface of the yoke 50 engages the
sacond axial force linkage member 150. In an embodiment of the
invention, the coupling surface is a barrel seat 252 formed
between the first diameter and the second diameter. Thé barrel
seat 254 has a cross sectional area to withstand and distribute

40 axial carriage force.
25



C4 AVG z ., In an enbodi nent of the invention, the first carriage coupler
152 is formed by the yoke 50 and the first carriage coupler 178 of the
cradl e menber 34. 5 The yoke 50 includes a pair of yoke supports (254, 258).
A first yoke support 254 is nounted on a side of the yoke 50. A second
yoke support .258 i-s nounted on another' side of the yoke 50, oppo#]}éq\mh@m
first yoke support 254. The yoke supports are 14 axially aligned il :
yoke support 254 includes a supportlng surface 256 and the second yoke
support 258 cl.ud pos t urface 2 upporting surfaces
(256, 260) g%%e%@ﬁ‘%ﬁ?%n%r%/ﬂgd% ond)f QgﬁeE H%tga([:)grl??a W SGat or 56
and the secom¥ c&r FPEH ¥t EQ?OYO}@SE‘PO?WSGBBO?H% ‘-‘taﬁél%is‘@kéosﬁlqu'?@url ng
assenbly of ¢hebearrzdigemamiseni3ly 34.' I n.an enbodi nent of the invention,

the yokesis pl ate steel , A36 and the cradl e assenbly is cast froni A536 .
Al ternati veI D o cgoadl e aasgnb ? air of cou%ers

i nt er connect eltf b{/ SHPEFES Ian hraP elyﬁﬁ FEPRMFSdi (1eht 298 1 he?

i nvention, tHeski V@l‘e %}EP(PPF‘ag%E\‘i deupbertsds Opnﬁesmmttéd yaoke 5@ .se@ond

cﬁ{) rijage COsgplorl Pyka fippbati23s dis hbented 9n hﬂoﬁ[&&tl fé&ﬂe ad:E efatioxe 25 "
enbodi nent t v, n S ia0e c i nt erconnecte
to the secoft)etd0 cgrﬁré%&ntthg flfﬁb %é ér%’%%%b%% |%"§'§a¥‘i F%%po’ftst R&€barr el
assenmbl ¢ 30°%Al{t¥e- FPF%ge agl]é%ntﬁl§5t52’qk§ dWEedz%thn?lé#@Senee to
Figure | S armhpportiite stwrdete 6 mpdbgre S2comd okt edomtt beaf{ramﬁdZS of the

I njection ury tsu%ﬂ,ortg[g agﬁrggcgny@g’mntmg ﬁggofw,@ct@g@a@@emlsy
respect to the inj élon unit fr

éa carriage act uat or
42 is mount €0 9FA°t ﬁ&ﬁt‘%a%ﬁﬁ‘éf aapy 8ﬁd&6%nfr§r EFetPidage EHAORars
menber, for a@ﬁ@aﬁb?estmdstcaﬁm pephaiiaan 586 fof sumpo35inmjwet ivokendd di ng
machi nesl0. diteng aldseaBBy & WRE Ofardags as@pRbBf 8d.t0 nove the cradl e menber
52 away fromthe stationary platen 16 (see figure 18). The yoke 50 is

pl aced on the carrla e actu 42 away fromthe first end 174 of the
cradl e mentdr 282 mg:a p%gtﬁ't‘?g "§ﬁ?’|‘%i‘(9é‘ 25B° Yffegds Bt dtesionrdand 40
t he support iang Smfatﬁ&l%@seagage%t hestotirem abldiat crlte?fatidiedyADERLOOY

ctradle assembly may be a pair of couplers interconnected by tie

20 bars.

In an alternative embodiment of the invention, the first
carriage: coupler is intercomnected 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 éarriage coupler by Erame member.

Installation of the barrel aésembly'aﬂ in the carriage assembly
52 is described with reference to Figure 18 and 19. The cradle
member 52 is mounted on the frame 28 of the injection unit 14
for axial movement of the injection assembly with respect to
the injection unit frame 28 (pot shown). The carriage actuator
42 is mounted Iin the c:adie member 52 and connected to a
stationary member, for example the stationary platén 16 of the
injection molding machine 10. The carriage‘ actuator 42 1is
operated to move the cradle ﬁembe: 52 away from the stationary
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‘sufface 256 engages one actuétor and

the supporting surface 260 engages the other actuator.
26



The barrel assenbly 30 is lowered into the opening of the cradle nenber
34, The first barrel coupler 46 is aligned with the first carriage coupler
178. The second barrel coupler 60 5 is aligned with the second carriage
coupl er 148. The barrel assenbly 30 is lowered until the barrel assenbly
30 engages the. first barrel support nenber 218 and the second barfdl AUG 2005
support nenber 200. The barrel support nenbers (218, 200) align the

barrel assenbly 30in the cradle nmenber 34. 10 A rectangul ar retaining

plate 262 (seg,fi 9)_en esqt ort .surface 155 .of the second
_barrel coupl e‘r%h %g leell ;3 emg?? §0t Eg b%?’fgg Clia%;fsuéc’nbﬁh ° 3BPYERE & 1575 n the
cradl e nenbefradle 'Fﬁ@b?ﬁ a3c4e ZG'Qel %lréécﬁ?’é@lbyoélé#ﬁreﬁﬁl dRatligsledswith . 15

the first andthBecbistC edptiigemesbeler( 200, 1983 . shoh8WBErreAUIdoagBeOfsd he
_plate 262 5engage§1$£§dsw@99r£héugéc%sg &éémgsr gb&ﬁzé}g.@é' a'kgﬁgvgg?ng of the

" barrel assenbl carria ssenb 0°I's “hoved
t owards t he fﬁg%?"%& 3‘573215 FPVEHRS gf‘lﬁ@l he n% 325%\%&3’5 Runedoes tife first
end 174 of théixgtadiagraknbmpors2menbes @dAbend ofhdalerond Abaeliesupport

al i gnment  pi ngeangd 2openi ﬁgs BA£rdl %wpﬁ@& hekwees {41,y ake) 501800 {he ybdke

nmount i ng sur%glcreelzggs n% d4%pll F‘lge gﬂ% 0 t(a the cradl e assenbly 34.

25 The first barrel coup I sécured and clanped to thé
carri age ¥ssenbly. The reC| procatl ng .screw (I ocat ed within the axial bore
of the barrel Aasssrbby)ar sretthénimgonplace elo2 t sekeh@ighites €19 s 2aFhles 3Hhe30-

{Those skil | edgighdrie Allrac¥i I1I55apﬁ e@hé‘t %eEBﬁ& 'b‘igPé/?l Bipidie sharggl
lassenbly 30frotmthe c%rlqg ean iqu he re\é{grse o) ratlon of
mount i ng. Ref STF 1A oW Eo FrET afﬁ 1lyhe arvered Enpiy aftf&econd

35 barrel coupFrEr6d2ar e%cﬁ%tﬁvéﬁ% eeF isecuned dat reagentisnahbbyltd4 toas a
top viewiw t hthet Ehestyokel SBecohide smpoed hankel cpopl exgsﬁQ engagﬁweghe
second carri agﬁfagquJ@rtggSplg@et abgg ng égbeesse dsgggg L.on ]ég of the

40 barrel assenbl to the crad e second rre?

AUG 2005 cou%?%’r’%Eb“ganﬁxjt el?é’gﬁ%t c% Fg@ge % 7S SEABLpr é@eﬁf‘ tthe

carriage assenbly 34.

20 The yoke 50 is moved towards the first end 174 of the cradle
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 meunting
surface 230 for aligning the yoke 50 to the cradle assembly 34,

25 The first barrel coupler 46 is effectively secured and clamped
to the carriage assembly, The reciprocating screw (located
within the axial bore of the barrel assembly) is then connected
to the drive assembly 36

30 Those skilled in the art will appreciate 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 assembly 30 and second
i5 barrel coupler 60 are shown mounted in the carriage assembly 34
as a top view without the yoke 50. '

The second barrel coupier 60 engages' the second carriage
coupler 148, retaining the second barrel portion 48 of the

40 barrel assembly 30 to the cradle member 52 The second barrel
27



barrel assenbly 30 fromrotating about the |ongitudinal axis during
rotational operation of the screw (not shown). The second barrel coupler
60 and the second carriage coupler 148 5 permt axial |ongitudinal novenent
of .the second barrel portion 48 effectively isolating the second barrel
portion from-axial forces. Referring nowto Figure 21, a partial Agg 0@95
the -barrel 10 assenbly 30 is shown nounted in the carriage assenbly
a partial crB8%Ectibnapd vEewy seked atmngalineoBl of :[4&Jugsﬁe\?entThtglebarrel
assenbly 30 barieduseteabll SBCUELSh | FoddRengaLhl@ge nd % Ia?x%)r(n

nd the 1 |rs I al

enbodi nent o, [ r mal I sol ator a
éuélbl% %@%9& egl&attggurché: f SKEYF 'St ShPyRhge Whepl er

force Ilnkage
.152. A ring®%if e&’ar§8£oﬁﬂ“ Talé0f Gnde the nkagendrerdrerads0cdspleacaisad on a

other sfde @Qrﬂtlheanmﬂpll@ng«ﬂﬁ;dléalhmdsv‘&lentS@f atHar s%HéﬁcﬁQﬁrQEth&:ﬁ sgcond

axial force 43 nkage cppaher; sb20: &P n r barr Seat) of

t he yoke 50. fo‘lsg&eesyoke 50 is Iocat ed at stae%on&f g%rﬁeli fpoffE% “RarTigeiddsenbl y
'S bolted to a forward section of the carriage assenbly 34

34. The yoke

tb securely clanp the first barrel coupler 46. 25 The clanping force to

secure the lrafeerimssashl to3Fighth the La gi.@lgq @ﬁeﬁﬁb §..Rrayi ded
5 e afg?ie i's

bet ween,f he \q arri assenp '
di rect ed thr%uﬁﬁb&h?glglegc%%aw%x?%ﬁqﬁggr &8 i %@'élﬁﬁﬂb%?s%éy(ﬁﬁchadﬁng a
thernmal i sdRIFoR) Crosprgeqhirmal rewetakasupleng 46neabll dftheidurstz axi al 30
force linkage menber 96 (including a thermal isolator). In operation, there
are two diffqgée@,grggplé%,b S3 I arrlaeforc s directed

s ehﬁﬁg& spd et £apiget tip 88

t hrough t he barr oupl e 46. Wen nGzzl 6°
(see figure fem]f e Yoke 1353 FEbgdiRent 1qf s‘%hecanﬁel?‘alqn 4@hpl ahermalThe

| engt h ‘of t hectatony anddtbechbimstsempal: stozeehlinkag28 nglbsr 135@&%@9 £ second
carri age steprfdad éf_il tagn&'&_ty@l YarSagkh apehbage Sto | rst
rhstdapatansh i i gtly IRl

and second gk, g bolts t ont face
first and SECO <9r?listo 9%%%? 1P “'%?Bmlt{-’ﬂel?r bAgated on a other
e of COUPler 46, A thermal isolator surface of the

second axial force linkage member 150 engages an inner surface

20 {barrel seat) of the yoke 50. The yoke 50 is located at the
front of the carriage assenbly 34. The yoke 50 is bolted to a
forward section of the carri;ge agssembly 34 to securely clamp
the first barrel coupler 46.

25 The clamping force to secure the barrel assembly 30 wi{:h the
carriage assembly 34 is provided between the yoke 50 and the
carriage assembly 34. The clamping force is directed through
the second axial force linkage member 150 {(including a thexrmal
isolator)," the first barrel coupler 46, -and the first axial

30 force linkage‘member 96 {including a thermal isolator).

In operation, there are two different applications where axial
carriage Fforce is directed through the barrel coupler 46. When
the nozzle 62 includes a spigot tip 88 (see figure 5), the yoke
15 includes a first carriage stop 156 and a second carriage stop
158 \alLELnﬂLlVEJ.Y, a single  carriage stop). The first and
second stop are mounted by bolts to a front face of the yoke
50. The first and second stop extend outwardly from the front
face 240 of the yoke 50 to engage a surface of the stationary

40 platen. The length of the first and second step is such to
28




face 240 of the yoke 50 to engage a surface of the stationary 64 A U 6 2045
permt a length of the spigot tip 88 to enter into the sprue bushing.
Qperation of the carriage actuator 42 noves the carriage assenbly 34 and
barrel. assenbly ,30 towards the stationary platen 16 (see figure_éﬂ) é‘tzhu%
the first and second 5 stop engage the stationary platen 16 preven ﬁg
further forward novenent. The carriage actuator 42.is further operated to
cLeateht hﬁ a :%itcae['ri@gehf Of CEhe T&paggxiaipwrﬂoaggeltggrgﬁtd sthdligrpgbed -
through the tjrst carri u r : n carria act yat or
to the carri aﬁ%ﬁbngs'enblogggaﬂf&%%hgéfgatf’% a%%%%‘ggai%gﬁ%?"y“ 3 fﬁnr%tg%%r% (lgrects
the axial cacereqsef opeemdyoutth Pfle B3uret cagsehge ctupltevadd® t5et he
first axial fseaeoratpkptenntfibésedEigthe )i rmtibatheelficotphwd zEzonhe

second ay al steﬁrcglgagbnk@&%tgemﬁr 138t dnN @6 YOKSenPind b her f 45k rand
second stops. This isol ates bothrgarFell_é%or | ons %14 @’@-‘g 48 f-rg axial 15
carriage for 88VeRe¥erri MF nBW IR GAFrer D2, i df Yyt SPFEFER 8
described. Buedtry thiee akppectargAaphatnrcet heTher avialr aaskdtdeorfadickvés 38 | s
oper at ed t]9 my@;ttehg_ta%@u feae wes gy @at.»h;eadaara_eeham_sarsb%gd 3bhe 2cBAd
injection for is direct : t i V.

reci procati n&ggﬁlragvev 6%%%/“%%4%'& gf'rr;g_dtttH % H}%’l%ﬂé%&rﬂg%t%ﬂ aITkgl %%:%qggei n
front ofl0% he2Feeid¥od4t iTHgtReY W reaLF o5t S8La] fjasciprem o FroodpRect ed

back throughthéefiastumatzitage éehiples 1iheof thetfibatr ekiadlodptes Umkage

]g! nclt udi o '&neﬂsxg&e oG RRL séirtst@ Bgﬁ:eaﬁéo{lﬂeai 4%99&15@%%&%?&@{%11%%&&0 thet
irst and second carriage uat or _housi-ngs o_the driye noun
54, and to tﬁégkasg(?r é@?“%gﬁnésgtig%edlyf’ ? 3@%@%‘%%@. %gts nd HaPT el
portion is Btebst e@hisokmolhbespiicsh brueti periivnects omd 4P cEromB@xRei erri ng

now t o Risgur eaXdagdhesrdshe nozzle 62 includes a sem spherical tip 90 (see
figure 6), -the first stop 156 and the second stop 158 are not required.

Qperation of the carriage ac¢tuatqr 42 npves. the ca%gi age assemhly 34 and,
barrel assenBEyEFTABTBWAIDs TERE S §ti.@ﬁgﬁyl’b}%ﬁt&ﬁnl W 5t heesehrdpheri cal
tip 35 90 enguyew tthe ipiectibushhate. The eared aywnatetirodrigei 88 fart her
operated to gpg@aftedt e axvalrmeaktiragerdvaee. id NeredWadtrel Cagddnaye Borce is
di rectedt hr glion Lhe, I rst gard 'dﬁggc&%ﬁ%@rméfér&\?&a&%ﬁ rcox{éd 3§a£?“ age
actuator 58 to the carriagé assenbly . The carriage assénbly 34 Turther
directs the 5;@ aFeciprocating 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

the first barrel coupler 46, {(including linkage members) te the

.25 first carriage coupler 152, to the £first and second carﬂriage

actuator housings (170, 172}, to the drive mount 54, and to the

screw translation drive assembly 30. The 'second barrel portion

iz isolated from the axial reactive injection force. ‘

30 Referring now to PFigure 23, when the nozzle 62 includes a
semispherical tip 90 (see figure 6), the first stop 156 and the
second stop 158 are not regiired. Operation of the carriage
actuator 42 moves the carriage assembly 34 and barrel assembly
30 towards the stationary platen 16 unit the semiépherical tip

35 90 engages the sprue bushing. The carriage actuator 42 is
further operated to create the axial carriage forxce. The axial
carriage force ig directed through the first carriage actustor
56 and the second carriage actuator 58 to the carriage assembly
34, The carriage assembly 34 further directs the axial

a0 carriage E£orce through the first carriage coupler 152 to the
© 29



40 carriage force through the first carriage coupler 152 to the 29 4 AUG
2005 first axial force |inkage nmenber 96, the first barrel coupler 46, the
accurrul ator 64, and the nozzle 62. The first barrel portion distributes
axi al -carriage force and the second barrel portion is isolated from axi al
carriage force. 5 Referring now to Figure 24, axial injection forcesiAtig 2006 -
described. During the injection phase, the screw translation drive 38 is -
operated to Fbuas tshgadcifencd ol imkagei pentay (B r eheasiesbl ja3@1. colpler

injection foige b1 décrc%hegtéﬁom t hewgt rtaeshaﬁﬂan ¢ i veriB ft&sltobgg
reci procatin crewb e,i f@Drgdto front

e
of the recip ocalt°f1n craé:gé?ﬁ/egomﬁj 88% E)]ﬁef%ercc?é’ aHF"r‘ ct ed
back throughP‘?lﬁié%cé‘EumﬂOéFéPdGﬁFmt axialhearriage Fareel coupl er 46,
(i ncludieg linkage nmenbers) to the first carriage coupler 152, to the

first and 561%&51—&{1}‘%%%%&5:.8&&@4”&9 Si;! ggcégbzp,fo}z%)is estcl‘ll_%ﬁ%:lil ve

mount 54, an screw translation drivé assenb

reactive i nfEctPollroregesdon PEeERd T}%?cﬁcFﬁWoﬁﬁ?P%lﬁélﬁﬁzé%V%?& oig he
atcunul at or @Eratedth@ hoves ttHearseekw cbuplagd 46, the nbdtbin@gsskintlngeo .

menbers) to irhe.mfjlaéts:iorp%&'b@gfs cRupkesa 182m Eﬁeta%n%Qaii&rﬁfa 39@ $gcqnd

carri age, act ator ou3| the, drive moynt 54, and fo the
screw tﬁ%m S SECHPTO ggeﬁﬁfflw é‘ff’gy f%g sBEBNE bt &t ;5or°f€| Batesialsol at ed
fr om t he axﬂa?cal*‘-ééc%lr- virentpjedc the nrdaipsecatiBoRetoey i ngd nbwsto rEaguine 25 and
26, 'operatijeeticoh Srew L8 @:Lrédtedbwmr.elthws@ﬂtﬁh)é hscWesaEbLbess, The

e 2SSl g1 b 0 Ol 0oL 08 ° AR BELTULALOL et Lo b e

coupl er 46, second barre | secon cou

secured and $é¢ @rﬁri'ae%ep W@Fylpﬁ tFn‘é E%?rﬁja‘?fé; £ fAFC 911@4‘3391‘-‘&@'9
previ ousty cbeetcuatdmedmumsgs elL10s LoZht e whe hdmivieheoanxt &4, bager®ftHahe

accunul at or gyt h@réﬁqgggo,pargﬁlvepoﬁéeg,glyThﬁ, scr W éé’!:‘UanG gtc@iq,r ewtip
160, a checknv%l Ve )_Zo,r 1 re%c]t %aff‘ SC ]]35)4 Re screw i s
reci procat.ab"d “betHeeit 58 i'Aj g&f% Fllg?oé‘@ 1‘tih uP 25, 6azno':‘:‘a ER&xi mum
shot 35 pogiccHBplytae $4vgu‘F@ thy. msépéaﬂﬁrebncouhherscééw diaciwiiag t he
i nj ect ed podiihikege meetkravates i ahe cBLAS Ed1a-iaykalechpigr 0f53 he chardigl
assenbl yp t hrQugh ang second carriage actuator housings (170, 172), to the
drive mount 54, and to the s;crew translation drive assembly 30.

The second barrel portion is isclated from.the axial reactive
injection force.

25 Referring now to Figure 25 and 26, ‘operation of a screw in a
the barrel assembly is described. The barrel assembly,
including the nozzle 62, accumulator 64, first barrel coupler
46, second barrel portion 48, and second barrel coupler 60 ig
secured and retained respectively in the carriage assembly ‘34

30 as previously described. A screw is located within the axial
bore of the accumulator and the second barrel portion. The
screw includes a screw tip 160, a check valve 162, and a
reciprocating screw body 164. The screw is reciprocatable
between an injected position (see figure 13) and a maximum shot

as position (see figure 14).

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

40 'along the screw body 164 towards the smcrew tip 160, As a shot
" 30 .



the feed port. The material is nelted and conveyed forward 40 al ong the
screw body 164 towards the screw tip 160. As a shot 30 Z4 AU G 2U of
material develops in front of the screwtip 160 in the accunul ati on zone of
t he-accunul ator 64, the screw noves aft until an appropriate shot volune
is received in the accunul ator zone. Then, the screw is advanced fQf yayed2ms
injecting the shot 5 of nelt into a nold. The check val ve 162 permts the’

melt to noveyd opyed bevB0 a f.déh h perati on,
t he check val ve S80 ﬁ}aéceﬁe es %)pg)%?;mii%n@toﬁ gl;(tfgag%“yawﬁ 1%[ﬂel§c§}ﬁul at or
n

64. 10 In an enbodi NeRt: ozfontehg O lgher paty efPe 3Ty yaves eékned by
a singl e uni t¥Silcenseprroprdate |shoanoehvoe ienbouwimedtin tive bacwallsassenbl y

is a first semineon ameapctiesl sdrewa isee@Rthc8&CELHRrd Hn@@@iﬁﬁr b gi,gent,
the firsts SeCld Qiel $nfo NPAENR. CORNECLE G20, AECUTLAL L 0 anot ier 15
5 el

enbodi nent, |£st Section is nozzl € connect ® Mre5d*Rhi ch
is connected“ﬁé’e HCEGHul 0T . "PE Peckrase Bhddmst odPHy pelvons sknlled
in the art tf%erﬁh-eonrl mlentqhenkisalm- dechptethtee bhey i ¥ tisthr ahleoRSial
descri bed henwirg, o2Gnehhehnairgedeeed to illustrate the best nodes of
carrying out the invention, and which are susceptible to nodification of R
form size, arrangenent of parts and details of operation. The invention-
is intenfed %9 et opeREimerE  ofchthrodiniasditons the whachehr essedbiin 14 s

spirit and sdopmeds WBefianedsidiyet h@ngtahns. co%@t%ict’l%?x CLAMpn4 %HO%QIOOS 1)

An injection a8se coupr I and a ca[riage
assenbly (34); thgwggrrglﬁpajg?e{rf% aélsnc udll‘r%’g Fi rgf andétlc) ond” BEFFE £

portions havFﬁg 2 aReEXThIS 66+ ¥ t hePe PRPBRRIN SPRAGIREDt; r She f)!a-’rsrtelsesbum er
(46), the- | é&at Ponnefzlehe chnnettagar tel arougtceruldb)r.def i mnng ancbamdary

bet ween she bibsdinkdrbaerg! £payet ls@'&tié‘:ﬂ);@%z&ﬁ@ seapdehBatsel pridon
(48):  the cAELagilcASPETMeLEN ohngh Uil Al St Car Tt age

It is to be understood by persons skilled in the art that the
invention iz not limited to the illustrations described herein,
20 which are deemed to illustrate the best modes of carrying out
the invention, and which are susceptible to modification of
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,
25 :

31




coupler (178) to engage the first barrel coupler, and a carriage actuator
(42) for linking with a stationary platen of a clanp unit (12); 15 wherein
the first barrel coupler (46), in use, interlocks wth the first carriage
coupler to secure the barrel assenbly (30) in the carriage assenbly (34),
thereby isolating the second barrel port#dn (48) from axial carrijales 2005
force. 20 2) The injection assenbly of claiml1l, wherein the first barrel
coupl er (46) has an end wal | (120) and fuFtH¥E includes an axial force

| i nkage menber (96) conprising at |east one 25 outwardly extendi ng nenber
di sposed on the 1irsin éndeavdbh agst@i)y 30mB5sH)y:45 3) The injection assenbly
of claim 25 wherein theafddrebl based1y ¢oUR! 8ka G46drdiR6t WdEsSmA hﬁ)m&l

i sol ator (98) disposed pp. the axial. e‘;nQI)Fe %&ﬂ}fﬁgﬁ e @ral(lQG)Se;i\(é S a1

i njection assenbly of cla|m3 wher ei.n rrel  cou

er
i ncl udes at |east one Ilnkﬁﬁe IR 1T B? r@@fla%)bofﬁetﬁeﬁeﬁ%ﬁougﬁ efbf 7 56t
claim4, wherein the firstPEaelcouRiGtpliar) ( 48 Has*tdoseednthswal irst 12@)reand
includes at |east one secomdlaxi aldéf odeéiningkagebrenibeyr ©E5Mendi gEosedson
the second wall. 6) The ipjeeli gitassemmhl yaof cankeobnd bairs 801&(105 (48) ;
wherein the axial forcendibkage oenigtwi96) (3 alrmluaﬁlgltx Gy yt \é@hdla)ée

S;ﬂ igdllgg menbers or a Cyl ! ndprllelga&lrirﬂllngo engggé th% élrs'ngarre§ coupl }f an

carriage actuator (42) for linking with a statlonary
platen of a clamp unit (12);

15 wherein the first barrel coupler (46), in use, interlocks
with the first carriage coupler to secure the barrel
assembly (30) in the carriage assembly (34}, thereby
isolating the second barrel portion (48} from axial
carriage force.

20 '

2) The injection aséembly of claim 1, wherein tﬁe first barrel
coupler (46} has an end wall (120) and further includes an
axial force Ilinkage member (96) comprising at least one

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

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

4) The injection assembly of claim 3, wherein the first barrel
35 coupler (46} includes at least one linkage insulator (99).

5) The injection assembly of claim 4, wherein the first barrel
coupler (46) has a second wall (124) and includes at least
40 one second axial:force linkage member (150) disposed on the

second wall.

6) The injection assembly of any of claims Z to 5, wherein the
45 axial force linkage member (96} is a plurality of outwardly

extending members or a cylindrical ring member.




20 11) 25 12) 30 13) 35 14) 40 15) 45 The injection assenbly of any
preceding claim wherein the second barrel portion (48) is secured to the
end of the first barrel portion. The injection assenbly of claim 7., aug 705
wherein the first barrel portion (44) includes a nozzle (62) secur'eé on an
end of an accunulator (64). The injecti oA3assenbly of claim8, wherein the
nozzle (62) has an eI ongate cylindrical section (70). extending froma
mounting flange (72) 1% NOPECERd CRETEITNhE! i HYe BT IS sEfbly Bereln e,
wherein the accunul at or Se%cwé p7eyelofearhecthoZA) e 163 cined| tdesha spi goft the
section (78) and extendsrsaubavared| yorftiom a si de of the nmounting fl ange

(72) The igjection assenbly of claim:10, wherein the nold end (86) of the
nozzle (62) includes a spi got tip (88) or a convex sem spherical tip (90).
The injection assenbly 1 wherein the accupul ator

i ncl udes an el ongaté cyfli ncff‘ﬂ%%ﬁmge%?seﬁ’%h( f54flamt He TI5&§t™ dafr &’rrsc‘foﬁf)’freﬁ'l
(46) disposed at a firsPoEid? t4fer éerludThe? inApect il6h assentsl yrotn Ehdi ph E
wherei n the accunul at or acdumplderr i(fl:udes bores (100, 122) of a

conpl ementary dianmeter to tightly receive the second barrel portion (48).
The injection assenbly of claim 12, V\'/ner ein the accurrul ator includes a
bore .(114) to tightly receive SPL 78 zzl.e. The | njection
assenbly of claim rla; \A;]}e(er el e‘fthlemam 2l % gf Clﬁlm ugh gﬁrelfl Oazt:"']%elE S

pOI’tI on (44) i ncl udes e Tshe.;}n £ longate cylind rlcal section (70} extendlng from a
mounting flange (72) to a mold end (86}.

15

10) The injection assembly of claim 9, 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) . '

11) The injecticn assembly of c¢laim 10, wherein the mold end
{86} of the nozzle (62) includes a spigot tip (88) or a
convex semispherical tip (90).

12) The injection assembly of claim 8, 9, 10 or 11 wherein the
accumulator includes an elongate cylindrical section (104),

the first barrel coupler (46) disposed at a first end

thereon.
13) The injection aseembly of claim 12, wherein the accumulator
further includes bores (100, 122) of a complementary

diameter to tightly receive the second barrel portion (48).

14) The injection assembly of claim 12, wherein Ehe accumialator
includes a bore .(114) to tightly receive a spigot (78) of

the nozzle.

15} The injection assembly of claim 12, wherein the axial bore
through the first barrel portion (44} includes either a

liner or a protective coating.




liner or a protective coating. Z4 AUG 2005 -34 5 10 15 20 25 30 35 40 45
16) The injection assenbly of claim 15, wherein the accumulator (44) and
first barrel coupler (68) are nade either from INCONEL 718 with a STEI#LAU'@Q{][]E,
12 liner or from4140 steel with a cast liner. 17) The injection assénbly
of any of clains 7 to 16, wherein the bad4¢el assenbly (30) further

i ncludes a second barrel coupler (60) disposed on the second barrel
portion (48) and cémulreafesciicbhagscgbborrd €atil age ‘dupiertbroeei @yl T
the carriage assenbly (8%) 4@ rfétat nbddrelsecari@rpacti oard 48)deofeithére from
barrel assenbly (30). 18ycokRe 113 ecii ansassetdly ofneel &b Mrdd,410beswien Lhe
second bagrel coupler {(6Q).i§;di-sposed either between the first barrel
coupler (46) and an end of the second barrel portion (48) or at an end on
t he second barrel portion (48). 19) The injection assenbly of claim 18,
wherein the second barrel portion (48) has a second end wall (136), a feed
throat (140) in codrMuni € ilonedtiiph assemabyi af dvor ef dndma 7 £ drfgew{st30h the
di sposed adj acent the seatrd entewsld (186) fu2Brr Theclwject & oreasisenbhyraf
claim 19, jgherein the sesgndr banr glsgeoupl & tL60bAg!iiEes: ort EaSt(48NENa

engagenent menber  (153)..,.21) . the w&he%t Isggonadgscgg%l.a%eofcogll%l m 20, Wher &1
t he engagenent nenber (1 i's a flat recess nachined on the outer surface
of the second barrel pof¥i'oRIT 48y ‘THe Sonf 8t Poh*assentit yoof+ ¢ &ffh 19,
wherein the axial bore thhPatkt ehEE®e¥oRd barrel portion (48) includes a
liner (138) or a protective coating..

15 :

18) The injection assembly of claim 17, wherein the second
barrel coupler (60) is disposed either between the first
barrel coupler (46} and an end of the second barrel portion
(48) or at an end on the second barrel portion (48).

20

19) The injection assembly of c¢laim 18, wherein the second

barrel portion (48) has a second end wall (136), a feed

throat (140) in communication with the axial bore, and a

25 flange {(130) disposed adjacent the second end wall (136). l

20) The injection assembly of «¢laim 19, wherein the second
barrel coupler (60) includes at least one engagement member
30 : (153} . '

21) The injection assembly of claim 20, wherein the engagement
member (153) 1s a flat recess machined on the outer surface

s of the second barrel portion (48}.

22) The injection assembly of claim 19, wherein the axial bore
through the second barrel portion (48) includes a liner
40 (138) or a protective coating.

23) The injection assembly of claim 17, wherein the carriage

assembly (34} further includes a cradle member (52), a yoke

45 {50), and a drive mount {54) for mounting the drive assembly
{36). '



23) The injection assenbly of claim 17, wherein the carriage assenbly (34)
further includes a cradle nenber (52), a yoke (50), and a drive nount (54)
for nounting the drive assenbly (36). 4 AUG 2005 -35 5 10 15 24) The
injection assenbly of claim 23, wherein the first carriage coupler T4 AUG 2005
formed between a first cradle coupler (178) disposed at an end of the
cradl e menber (52), and a yoke coupl.er disposed on the yoke (50). % The
inj ection assenbly26F cFBi miDECtigier 8FFE RS é’écdﬁ&lmc&Prl ayerSoupttsr Fist

| ocat ed on cradl e nenberar3age retugilen nip foheed deomdebar riglrsportaddn CA&)1egf
t he barrel assenbly (30)17d)naifesedast earassenbt ytHe34)ad 26 medihe | (3ppCldr@N a
assenbly of claim23, 24,8 -38%1e¥&lBhbled B 1l LMvg mognt (54)' is formed on
a second end of the cradle nenber (52). 27) The injection assenbly of any
of clainms 23 to 26, wherein 20 the cradle nenber (52) includes first and
second carriage actuator housings (170, 172) interconnecting the first
cradl e coupl er (178%) antha h&rIGeFveE ndiRTP{S4PE 2529B) 2 heieppeet Fom second
assenbly of claim 27, whemreéhge tdveptar risageatadtaraicondied 2pmbarc(bziesreaapaing
of hydrauipc actuators {@b)sechausfdrén doheidd rat) s 5econNd Caksdagey (30)

housi ngs (170, 172). BOlg%eT&%dllea%ggmn Q§4s,enbl y of any of clainms 23 to
28, wherein the first cradle coupler ?’ I'ncludes first and a second

coupling nmenbers (208, 210) with first and second coupling surfaces (212,
214) respectively to engage the first barrel coupler (46), 35 40 30) The

i nj ection assenbl y26f cF= mn28stinheresarbihectrddie 2hverferr (562) whectimasea
first barrel support neahet @218) e) engag@eancOUi efecttdf ate af thbechatkel
assenbly (30) for |ocatif@-the,fi rst barrel coupler (46) with respect to

the first cradle coupler (178).

27) The injection assembly of any of claims 23 to 26, wherein
20 the cradle member (52} includes first and second carriage
actuator housings (170, 172) interconnecting the first

cradle coupler (178) and the drive mount (54).

25 28) The injection assembly of claim 27, wherein the carriage
actuator (42) includes a pair of hydraulic actuators (56}

housed in the fi;st and second carriage housings (170, 172).

30 29) The injection aséembly of any of c¢laimg 23 to 28, wherein
the first cradle coupler (178) includes first and a second
coupling members (208, 210) with first and second coupling
surfaces (212, 214) respectively to engage the first barrel
coupler (46).

35
30) The injection aésembly' of claim 29, wherein the cradle
member {(52) includes a first barrel support member (218) to
engage an outer surface of the barrel assembly (30) for
40 locating the first barrel coupler (46) with respect to the
first cradle coupler (178) .
31) The injection assembly of claim 30, wherein the first barrel
45 support member (218) includes a first upright standoff (222)

and a second upright standoff (224).




31) The injection assenbly of claim 30, wherein the first barrel 45
support nenber (218) includes a first upright standoff (222) and a second
upright standoff (224). - 4 AUG 2005 -36 32) The injection assenbly-qf Aemhi05
of clains 23 to 31, wherein the second carriage coupler (148) includes a
first coupler menber (198) and a second-oupl er nember (200) wth first 5
and second couplin surfaces (202, 204) respectively to 9age t he second
barrel coupler (60)2) 105 P9°P5080235™REY 3%) *PHe °f nf]e?df“?oﬁ asselthl yhegpein
claim 32, wherein the crizdIseconfe ey 14@52 Fopmick udessa iseboied baf¥wlt seppert
menber (220) to engagemdtbeoutErs)sunfl agesafontihecliaer eherdesenbdoy @36) fiofst

| ocating the second bar g g&@ﬁheeo&&%gwshbfa&%%pq%ztOzme r&68e00tlely to
carriage coupler (148)., m)% 5%%0%8"}5 ?Sc%%g?éé’ 95 cl ai m 33, vvherel n the
2

second barrel support Includes a first uprrght st andof f
(226) and a second upright standoff (.228). 35) The injection assenbly of
claim27, wherein the cradle nenber (52) has a first end (174) that
i ncludes a yoke mdentiTige surieacen 28Qrnekt endscbetmwve®n t#ierfin sthearrdddge
housi ng (1¢0) and the sgg®mad GanrimgaedOuskaGnalddrel 38)ppdhe reRb&CtROM to
assenbl y of claim 35, w@r‘grsgnarh@ue/&kesu@ae wcérrédeo%réefeggge%mx ﬂ)‘) hoge
(250) having a first drft I" receiving, th arr SS re%: d fe
(‘lfé% da

second di aneter for recoeclaw rrqg ReS%9°PSt° rarrre(fougoer
coupling surface. 37) THE &Lt AR ERDIYES clai m 36, wherein the yoke
(50) nounting surface-(230) is a barrel seat (252) formed between the

first dianeter and the second dianeter. 38) The injection assenbly of claim

37, wherein the yoke) (5e imekudss &RAbTy Obe YOKE rSUPPOT S (254 n258dcdnd
engage barrel support  member (220) includes a £first upright

standoff (226) and a second upright standoff (228).

20 .
35} The injection aésembly of c¢laim 27, wherein the cradle
member (52) has a first end (174) that includes a yoke
mounting surface (230) extends between the firgst carriage

housing {170) and the seccond carriage housing (172}.
25

36) The injection aséembly of ¢laim 35, wherein the voke (50)
includes a central axial beore (250) having a first diameter
for receiving thé'barrel assembly (30}, a second diameter

30 for receiving the first barrel coupler {46), and a coupling

surface.

37) The injection asSembly of claim 36, wherein the yoke (50}
35 mounting surface (230) is a barrel seat (252) formed between
the first diameter and the second diameter.

38) The injection assembly of claim 37, wherein the voke (50)
40 includes & pair of voke supports (254, 258) to engage
respectively a first carriage actuator (56)° and a second
carriage actuator (58} for supporting the vyoke (50) during
assembly of the carriage assembly (34).

45



respectively a first carriage actuator (56) and a second
(58) for supporting the yoke (50) during

(34). 45 - 4 A U G 2005
the cradl e assenbly is cast from A536. 40) The injection
assenbly of claim17, wherein the carriage/- assenbly (34) is' a first
interconnected to the second carriage coupler by a
plurality of tie bdP5. 719 ‘TRectinpectiBh ussendly °6f ccHaAFn?17:° wifer EheF Fihe
carriage assenbly (34)thes caadlier stsapdilyiiggeagolipbrer>ifit er connected to the
second carriage coupler by a frane nenber. 42) The injection assenbly of
claim 23, wherein the yoke (50) has :a front face, with at least a first

23 to 38, wherein

carriage coupl er

carriage stop (15

)0

a stationary platen

portions (44, 48) fron1%5ﬁ§ﬂ’
claim42, wherein the yokeses9)H cincrhadesualsedvnd réarzlilagecistop J@158) .

th

carriage actuator
assenbly of the carriage assenbly

39) The injection assenbly of any of cl=almiG 2005

reon,. e flrst op, use engagi.ng surf ace of
er e]bf |so "atithg %‘H °fi 1’ Lot sewgo%e " % r SpEEage
t

APt ab®e ¥ G Ee zfgfrrﬁﬁs F‘?ﬂpéE’leﬁeé%%’é’ﬁﬁF?ﬂ &P
44)

The injection assenbly of any of preceding claim wherein the barrel

assenbly apd the carriage assenbly are nmounted on an injection unit frane,
and the injection gsse
use, operates a screw

15

20

25

30

42)

43)

44)

ose Xial "bore of th assenb
asse Y 1s a first carriage coupler 1nterconnecte

é’ ]fnljrépl a%BE%J&S% 2,45, Ve asy %P&ny ol %Qr a’&e

the second carridge coupler by a frame member.

The injection aséembly of claim 23, wherein the yoke ({50)
has a front face; with at least a first carriage stop (156}
thereon, the first stop, in use, engaging a surface of a
stationary platen, thereby isclating the first and second

barrel portions (44, 48) from axial carriage force.

The injection assembly of claim 42, wherein the yoke (50)

includes a second carriage stop (158).

The injection assembly of any of preceding claim, wherein
the barrel assembly and the carriage assembly are mounted on
an injection unit frame, and the injection assembly further
comprises a drive assembly which, in use, operates a screw

disposed in the axial bore of the barrel assembly.
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