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TECHNI CAL FIELD 5 The present invention relates to inprovenents in valve
gate pi shiggsanblies typically used in hot runner plastica/dAiiResdson
nolds. In particular the -resent knventlon reIates to h proved air piston
cyl i nder appar at G¥ERRY : . ' BLY nproved
heat - managenent propertles | ess expensive .0 parts, and |onger seal life.
BACKGROUND OF THE | NVENTI ON Hot f I Bte assenblies are well known
inthe art of .5 injection nold No. 4,173,448 to Rees shows
a typical arrangenent in which the valve stemis aned up and down by an
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channelssdnindg he haekdwed plk@éaat-amh&@@m@tyﬂ:l neespepnt akpedibsst hexpusbii b,
for natlc eratlon % double acting piston. Mreover, the
bacﬁlngpﬁ. orecﬁﬁﬁﬁtﬁﬁé; e-fanuf actured to a very tight toIerance in
order to achleve the fine balance of sufficient conpression to prevent air
or resin | eakage while notga @¥&EShNS SSE Mkt D ppggnt s of the assenbly.
The various 0 conponents g¥irhe—vatve—gate—agggggiy—are i kewi se tightly
tol eranced, all of which add greatly to cost. In addition, current cylinder

wal I's st b@nﬁéfowle—@o?tté 02 s588b3L cbNey &l 08t Or 48, ACt i N0+0A t 8%
the_mani fold therma xpands | aterally thereby causing the bushing
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so t hat alten f theai ushing
mounted in the hot runner manifold and is designed to seal the

plastic within the melt channel. However, one drawback of this

!0 design is that the cylinder walls are required to transmit all
the considerable compressive forces passing from the manifold to
the mold backing plate. At the same time, the cylinder walls
must effect a proper air seal between the air supply channels in
the backing plate and the cylinder contained in the bushing, for

.5 pneumatic operation of the double-acting piston. Moreover, the
backing plate bore depth must be manufactured to a very tight
tolerance in order to achieve the fine balance of sufficient
compression to prevent air or resin leakage while not
overstressing the components of the assembly. The various

0 components of the valve gate assembly are likewise tightly
toleranced, all of which add greatly to cost.

In addition, current cylinder walls must be strong enough to
resist the side forces acting on them as the manifold thermally
5 expands laterally thereby causing the bushing assembly to slide
across the face of the mold backing plate. In the '448 Patent
design, the cylinder walls also contain conduits for the air to
be carried from the Dbacking plate to the cylinder space
underneath the piston so that a double acting motion of the air

0 piston can be effected. For this latter reason the cylinder
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O piston can be effected. For this latter reason the cylinder 1 WO

01/ 78962 PCT/ CA01/ 00395 walls are thickened locally. This presents anot her
pr obl em wivoho1/78e2r ent cyl i nder design in that heat from tremeanifoosod
conduct e al on he | i nder | s causes the interior surfac f the
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over heatid Gy iheiLonpr essi ve sealing force is transmtted from the

mani fold sqlely via the bushl,ngewalls to the back plate. 5 US Patent No.

4,213, TSP FeFRaNBe A2 %l PESTOR 11RSHOZEY e 1ShotRIWy 8 s&al Perend al¥ei c
at 44 081, vakye iemlilhewhich pilsdan asnsendly 'paskt@@atmgfkﬁuieﬂ ]yal n
t he-backij.,ng plate so,that .l ow tenperature environnent is avagjlable for
good seca}%lﬁq%cfeer. mﬁlﬂntteﬁg 88%?821 i vg})‘f o&& s%a%cg(%r}%ng’ﬁ‘iattteed vighﬁ sEph¥at e
;0 bushiveh 70y % ettt |y fepmrabe phactohduhdetihénbadieplatre f aiahelof Fi¢giee
force iis transpitte r cylLn el Hawe c the, air
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required for structural integrity and adequate sealing forces.

0 In addition, the thick walls of the cylinder and the piston
itself again cause premature deterioration of the piston seal by
overheating. The compressive sealing force is transmitted from
the manifold solely via the bushing walls to the back plate.

5 US Patent No. 4,213,751 to Fernandez, relies on the nozzle
housing to seal the plastic at 44 with the valve stem. The air
piston assembly is located entirely in the backing plate so that
a low temperature environment is available for good seal life.
All the compressive forces are transmitted via a separate

0 bushing 70 directly from the manifold to the backplate, none of
the force is transmitted through the cylinder wall. However,
because the air piston assembly 1is fixed in the backplate,
unable to slide laterally with the manifold as it thermally
expands, the valve stem 42 must bend to accommodate this

5 relative movement between the two. Consequently, the stem tends
to wear the sealing diameter inside the nozzle housing at 46,
eventually causing plastic to leak at that point. Furthermore
the bending of the stem will cause the piston bushing 68 to wear
allowing air from the cylinder to leak. Similarly, US Patent

0 No. 4,469,191 to Gellert exhibits the same characteristics of a
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expands, the valve stem 42 nust bend to accommobdate this 5 relative
novenment between the two. Consequently, the stemtends to wear the sealing
di anet er wesiigfgodzhe nozzl e housi ng at 46, eventually causamCsliasidsc to

| eak at,_ that_point._ Furthernore he R i f the stemw || cause the
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'191 Patent provides no teaching regarding how the conpressive forces from

the manifold are transnmtted to the backplate. 5 US Patent No. 5,022,846
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sliding seal. In the '340 Patent, the bushing 130 and cylinder body 136

are two_pieces , _ \
US Patent No. 5,071,340 to LaBianca shows a conventional wvalve

bushing arrangement with a sliding seal in the plate. However,

’0  the air supply to the piston is routed through the valve stem to
provide <cooling thereof. There 1s no reduction in the
temperature of the surfaces on which the air piston seals
operated, and all the compressive forces from the manifold are
transmitted via the cylinder wall to the backplate.

US Patent No. 5,374,182 to Gessner shows another embodiment of a
conventional wvalve Dbushing with sliding seal. In the ‘340
Patent, the bushing 130 and cylinder body 136 are two pieces
fastened together with a nut 158. Tight tolerances are still
30 required for the «cylinder and the plate bore depth.
Additionally, the cylinder walls and piston design do nothing to
lower the surface temperature where the piston seals operate.
All the compressive forces from the manifold are transmitted via
the cylinder wall to the backplate. The ‘340 Patent, like all
5 the other configurations in which the thermal compression forces
are used to maintain the air seal between the cylinder and the
backplate, requires that the manufacturing tolerances of the
components making up the stack be very closely controlled,
typically +0.0005~. Obviously, this makes manufacturing very

0 costly. For example, the bore depth in the backplate typically
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fastened together with a nut 158. Tight tolerances are still ~0 required
for the cylinder and the plate bore depth. Additionally, the cylinder

wal | s andwa @tess2desi gn do nothing to | ower the surface treETpexmEtonsdss where
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Furt hergr%jrde,cqrh%u% M7 e3Ei P forces transmitted through the cylinder walls
are on the order of 10,000-20,000 |Ibs, which requires the conponents
transmgtd i se. for 0 e t . _equi val ent high strength
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cost
plates and manifold assembly must be dismantled - a time

consuming and costly operation.

There is, therefore, a need for a valve gate air piston assembly
in which manufacturing tolerances can be increased, low cost
piston seals can be used, effective operation over a long
service life can be achieved, and convenient access to the seals

'5 can be provided for easy serviceability.

SUMMARY OF THE INVENTION

The present invention provides an improved valve gate piston
‘0 assembly for use in hot runner molds in which only part of the
compressive forces between the manifold and the backplate are
transmitted through the piston cylinder, to maintain the air
seal against the mold plate. Preferably, the piston cylinder
uses an integral spring or resilient means to provide sufficient
'5 air sealing forces, thus allowing the constituent components of
the assembly to be made with less precision and less cost.
Preferably, a backup pad is used as a second path to transmit
the compressive forces between the manifold and the backplate.
This second path also transfers a good amount of heat from the

0 manifold to the backplate, thus lowering the temperature of the
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pi ston seals can be used, effective operation over a long service life can

be achi eved, and convenient access to the seals '.5 can be provided for
easy servwoeahmydazt y. SUMVARY OF THE | NVENTI ON The present RQTveArt1/00395
provi des, '

i nproved valve gate pisto ~0_assenbly fo se in hot runner
ol ds. (- rEen 5k TR BeotpreREPT ST or gRsBRL ubShot e mmni fol
and the backplate are transmtted through the piston cylinder, to maintain
the aliacapaliggainst o hesqnid plages Prel ecabl vp LOEAP SLAD.gulLAder o yses
an integral spring or resilient ans to provide sufficient ;5 alr sealing
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mdg widir b§§§t@lﬁe@§/§iﬁae§n@1ih%$1%i‘é@@d tdrederabhyaia Baekupipad 4:5 4sed
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from t heofprvess ivd d fardde haickedat ethé husot owenhngr t heah efped at ai@ othéhe
4 WO 01/7 CT/ CAO1 .pi ston cyl inder,_.J] ead] tqo.a | onger piston
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seal Ii cording t rst as présent 1 nven
cyl i ndeforpparia usadwried hdetwaerer tozzlkohssemvhyr i mdntgsléan andai the
pi spon 1oyl cdinmensioned to forman air seal with an air piston, and

di sposed to transmit less than all of the conpressive force between the
hot runner manifold and the backplate. A spring is disposed to flex when

the comp@assimey £Or §BotheaPRldREhel iegneat ?%e@@tntr Uniedn tiedH f ob o anget be
0 backpl ate. Accordi to anot her aspect of the $resent nventi_on

appar at fBr 3k HrSEBe8h & Aho frer? e25SSBRHYy HUiRss @R
air pi stion pystodecyflandemgatpmgehbegang pihst onirTheiatenpirakomid systader

proyi des. a first h r_transmtti he conmpressive farce between.the
hot‘gr un%l?lnrrdaenff%f%y%% é)t fre ]%%crgpl%#gg {;orb%gl‘?usmﬁigfling HHoSEP I Pt bVi de
a secorfbyrg hbegweranshlie thed conpeessiamifolde apet weka thecliotatrannera
mani f ol ang they backpLab&ed to provide a second path to transmit the

compressive force between the hot runner manifold and the
backplate.
20
According to a further aspect of the present invention, an air
cylinder for a hot runner nozzle includes a piston cylinder in
air communication with an air channel in the backplate. The
piston cylinder is disposed to transmit less than all of the
'5 compressive force between the manifold and the backplate to
cause an air seal to be maintained between the piston cylinder

and the air channel.

According to yet another aspect of the present invention,
30 apparatus for an air piston in a hot runner assembly includes a
piston cylinder forming an air seal with the air piston, and in
air communication with an air channel in the hot runner
backplate. The piston cylinder transmits less than all of the
compressive force and less than all of the heat transfer between
i5  the backplate and a manifold. A Dbackup pad is disposed in
contact with the manifold and the backplate, for transmitting
both the compressive force and the heat transfer between the
backplate and the manifold. A flex member 1is provided for
absorbing compressive force Dbetween the Dbackplate and the

.0 manifold to maintain the air seal between the piston cylinder
5



.0 According to a further aspect of the present invention, an air

cylinder for a hot runner nozzle includes a piston cylinder in air

comuni calvigal/hgah an air channel in the backplate. The pi@Et©1ByIdsnder is
di sposed to transmt |less than all of the '.5 conpressive force between the
mani f ol Fand'? - bk 2t to cause an air seal to be maintained between
the piston cylinder and the air channel. According to yet another aspect

of the sent inyentj.on,, >0 aratus for _an.air piston in_a hqt. runner
assemm%gﬁﬁ%ﬁﬁgts¥§ %%%'%na%9?$§5e959ﬁ9ﬁn@ga#ﬁﬁrBE%E?HEAHWWﬂﬁiﬁﬂﬁ’ a
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mani f ol 1 ikdpick i SReEsd drepir e comct FRReT t Heanbheidl darAd the

backpl s kdioartd r aisdn t1ingdcahotAgt BemperRLessl R fLa Ak t heahgat tted
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transfer betwe t he | ate an e manifold. A flex

for a&ﬁﬁ”ﬁ%ﬂ; %ESFVEQ?Br@@ntP&Eeﬁnphggﬁaaﬁﬂ%ﬂ%ﬁiﬁuy%qm¢%ﬁnﬁhFFﬁPd
to mai ndydiimddre aid tgeal vibetawesnckine gpadton cylinder 5 WO 01/78962
PCT[,CA01/ 00395 and the air channel. According to still another aspect of
thé present invention, a nethod of sealing an air piston in a hot runner
nozzl e assenbly, 5 i n@RUES RERCRIRHEONM{OF (THE SBRAWINGS he air piston with
a piston cylinder disposed between the hot runner manifold and the

backpl ate; and (ii) causing conpressive forces to be transmtted between
t he hotFIcURMAr méniIF L A_AVERE Badlopidat eche aveheepigsten nad isndessandlyhe
via a backup padgr @ 1RBRIiERPESER PTI ON OF THE DRAW NGS FI GURE 1. A section
vieg/through t he val ve gate nozzle assenbly of the invention. -5

Ficurg 2. A thermal image section view of the air piston
cylinder installation for a standard valve gate

design.

0 Fieure 3. A thermal image section view of the air piston
cylinder installation for the instant invention wvalve

gate design.

Ficure 4. A section view through the piston/cylinder assembly of

'5 the preferred embodiment of the invention.

Fieure 5. A section view through the piston/cylinder assembly of

an alternate embodiment of the invention.

30 Fieure 6. A section view through the piston/cylinder assembly of

a second alternate embodiment of the invention.

Ficure 7. A section view through the piston/cylinder assembly of

a third alternate embodiment of the invention.

15
Ficure 8. A section view through the piston/cylinder assembly of
a fourth alternate embodiment of the invention.
Ficure 9. A section view through the piston/cylinder assembly of
0 a fifth alternate embodiment of the invention.
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FIGURE 2. A thermal image section view of the air piston cylinder
installation for a standard valve gate design. '.0 FIGURE 3. A thermal
i mge seciigi/Mée@w of the air piston cylinder installati geefoilob®si nst ant
invention valve gate design. FIGURE 4. A section view through the

pi ston/cylinder assenbly of '.5 the preferred enbodi nent of the invention.
FIGURE 5. A s@®TATLED M $¢RDPTION heF pTBE OPREFERREPRI EMBSPIRENTQE) an

al ternate enbodi nent of the invention. >O FTGJRE 6. A section view through
the piston/cylinder assenbly of a second alternate enbodi ment of the
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conpressi,ve forces _between th ni f.0 nd the .backplate.are transmtte
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second .1Q pat %}Pé FLansheny 'Eﬂehgﬁtst%o%}ﬂﬁld&ﬂ'ﬁa% df 03 1 he  PREKRLRL &y
thus redicind the heat transferred through the piston cylinder. In a
pref er r&@eviedr mPe1t hélpngeon eyl i elder s qrmoe‘grap sprPHgdebeveffagient

fl ange)scatl ioRe ene-dhepeefieba RLQVIKes &M f&%iﬁ@&ﬁ sagbi %Ja%Wfﬁﬁﬁﬁg@ﬁg
In e backp .

the_piston_cylinder, and the air channels .
pr esent'’} ﬁtﬁ%ﬁa&}gp%% overal | nozzle housing assenbly

In the present invention, the overall nozzle housing assembly
and spring pack for maintaining the sealing pressure of the
stack against the manifold is similar to that described in US
0 5,374,182 to Gessner (incorporated herein by reference).
However, the multiple spring stack of Gessner has been replaced
with a single spring washer and insulator (to be described
below), but their function i1is the same - to maintain a
compressive sealing force between the nozzle housing and the

'5 manifold regardless of temperature of the components.

With reference to Figure 1, hot runner manifold 1 contains
plastic melt channel 2 and heater 3. Bushing 4 is assembled
through a bore in the manifold such that dowel 5 aligns the melt
0 channel 6 in the bushing with melt channel 2 in the manifold.
Nozzle housing 7 1s urged against the head of the bushing by
spring washer 8 that rests on titanium insulator 9 located in a
bore in manifold plate 10. The nozzle housing is heated by
heater 11 and carries a tip 12 that locates the housing in the
5 mold cavity insert 13. BAnti rotation clip 14 is used to prevent
housing 7 from rotation when tip 12 is threaded or unthreaded

from the housing.

Bushing 4 is held in the manifold by nut 15 that traps backup

0 pad 16 and, when tightened, causes metal “0” ring 17 to seal
7



and spring pack for maintaining the sealing pressure of the stack agai nst
the manifold is simlar to that described in US 0 5,374,182 to Gessner
(i ncorporwmﬂ/mmzei n by reference) However, the nulti pl ecapcAmgomsack of

Gessner g in prl n er and.insulator, (to be
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al i gns yhexgm®lde O18hapngl Hnhmdhe dsshideg \ML'Qh el t ashapnel mdniFdite is

i fold. l e, h 7 head of the bushing b
b | ng AT 8V HATRESLY off (HALAREERS 0B FOE2Led NATET bbbe Lh
mani f olekypraiee Tdteddiel pozahieihgushegbushheat ed tey shiebt esvdd aind matihgs a
tip 12 aé Cgf e%heh% Q%liSI rh%d f}f}gh% 5arrfg| gaﬁrg\é:r%;gy?/g;hgfesrﬁou\]%de%r % cig is

rotati on hdusi'ng ion

t hr eadetdleorbimkm eadéd 16f rtxm slhedhogsnemg theushimntpee i sfheldkidatke Ifani f ol d
by put a a ba and, n Calses

ri ng 17V]at510‘;;62egtyn &? %ﬁ%&éﬁg %%%% l%gls %%ntl ght R ngﬁ%reby p?ggen%l?ng
any pl &l ?%aﬁ&géﬂ?ﬂ ofBdt I8 bere neEzZiRe WishlAg 4lsBaé‘1@}fﬁSpaHa’%raeéVst s

nost ofwiihe treonpnessd e $9rce apphhesd. byNSPELRgiNgsHEer t Bt 9rthecBaLEol d.
The backup washer transnmits this partial force directly to the 5 backplate

18 via annul ar shoulder 19. As the manifold is heated by heater 3, and
i ndi rectd yebyathednozeteibeatetedl,0f t thexpanesetaéer anlyo diatesitng otthethe

b ing. .4 e surface of the nozzl e ,hou

cgﬁg: ngyjt%tté)%ﬁléyu%d%er lﬁgco?%lgﬁgagac up “pa Yglt ST &8 Bvér t su??%?%nof
backpl &% h8lds0 tyal vleeetﬂemfzotheguvdéuet rtemgh? busyhiengs et andrase® ¥ osuch
cl osi ngngatg 2l atethesepd of l@enwezdetﬁép AbsasToves dakerad |y s

o
with the manifold as 1t expands bendi ng of e stem occurs.
a seal 24 which slides on the 1nner surface of cylinder 25

maintaining an air seal between the opposed faces of the piston
0 such that when compressed air is admitted via channel 26 via
hole 27 in the top of cylinder 25, it causes the piston to move
downward, thereby closing the gate 21 with stem 20. When
compressed alr i1s admitted via channel 28 wvia hole 29 in the
side wall of cylinder 25, it causes the piston to move upward

5  thereby opening the gate 21 by retracting stem 20.

Cylinder 25 is a thinwalled metal part and has its upper end
formed in a slightly raised, annular bevel 30 such that this end
wall acts like a spring, constantly urging the cylinder toward

0 the manifold 1. The cylinder’s lower edge 31 fits snugly in a
recessed annular step in backup pad 16. Sufficient of the
compressive sealing force from spring washer 8 1is directed
through the walls of cylinder 25 such that an air seal is
maintained at the lower edge 31 and at the bevel 30 at all

'5 operating temperatures of the assembly. This ensures there is
no leakage of air from the channels 26 and 28 respectively
during operation. Forces required to seal the cylinder are in
the order of 1,000-2,000 lbs, a tenth of the prior art designs.
The tolerances required for manufacturing the stack items are

0 in the order of * 0.005”, up to ten times greater than the prior
8



An enl arged section view of the preferred enbodi rent of the .5

pi ston/cylinder configuration is shown in Figure 4. Air piston 22 holds

t he head w0 dilvevéeal ve stem 20 via set screw 23 such that pgTepAdilve39si st on
22 is noved.the stem nmves. - Piston, 22 S a seal 24 ich slides .on the

i nner  sUrf ad&>oPlEyl i nddr BB RArwParhi nr{gjeancéﬁs'%nggﬁl et He€n R GpPosed
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retracting s%fm 20 Q/%IH er %5 (is a thénvval ed netal part and has its
upper emtf Foited? i ot ¥ i gMTSET af3ed, THANUFArSHRYPOBBS uch that this end
wal | acts like a spring, constantly urging the cylinder toward ~0 the

mani folgd .1._ Th yl i I ower_edge 31 fits snugly,in recessed annul ar
step inﬂbl;bc upaerpéd élog}ldﬁjs%}?lf%%%l\ogr}l g%gt”ﬁe t%%n e si%]eise‘glil?ngc?%?]é%sﬂ’%%
spri ng sesshigrg 8towsceli eBcted sthcbugh the weldkeleftecytiisnddre 25isuchl thderan
airgse i i i he.J d th I allL.5
oGP at I g Lemperaturae ot The Hreniry “frt ohSrhs! [RLPONS. Sofind bo

of air ¥rortHe ERdmnefero®. andTeBs r égsecheoRl BChavary dperdte oRastoreis
rfquihr ek itroy sg@%eg_he_@@iwﬂh y?Hlelbn ot hener d_PIk%)f faiadOOQ- al%aq(i? %19§@k1?%£§”t h
o) e prior ar esi gns. e tol erances required for manufacturing the
stack i Gt otp ng?ﬁé I}rkﬁferl%z?é' 0. 853“5, ?@ﬁ tPUERA t FiBs Ygridatléet 2han
the priart 8svv}@ds§6r8%2yP<§E/f@Aﬁzb&ﬁoseﬁgmarl1defdrgnscto% (mﬁ ’e&(@ﬂmhft*%iﬁ@

cyl knder_ .25 conpri s : al_.cyl i_nder Vi a t.hi ckpess o
0555 Qi a Tt aner by LS O i n Ll UReCe: oLl THE beveted
the topamplabe endreddw mushisgmandheayguaningSmsnofesiengfat theet opirThe
5 COMPIASNINE oI Les, LhaNARLELEd LhAROUAR iSOVl Iiflelo MY BE, Olcdhigy gL der

of a few hundred to a fTew thousand pounds. Prior art configurations tl
transmqoEﬂ¢h?hel@§ﬁﬁp§sﬂkﬂyentlon' a thinner, more heat-resistive

material may be used in the construction of the cylinder 25,
0 thus leading to a lower temperature where the piston seal
contacts the cylinder wall. In more detail, in the present
invention, the cylinder wall needs only to be strong enough to
maintain an air seal at its interface with the backplate 18. By
incorporating a spring means associated with the cylinder or a
5 more resilient cylinder construction, the backplate bore depth
tolerances and the cylinder height tolerance can be increased,
for less costly manufacturing. Most of the compressive force
from spring washer 8 is directed via backup pad 16 to the
backplate 18 at shoulder 19. Consequently, the cylinder wall
30 can be made of thinner, weaker material than conventionally used
and therefore can have greater thermal resistance thereby
ensuring the temperature of the running surface for air piston
seal 24 is low enough to allow a lower cost seal to be used
while maintaining a long service life. Drainage passages 35 and
5 36 in the bushing 4 and backup pad 16 allow any leakage of

plastic along the valve stem to escape.

A second feature designed to minimize the temperature of the
environment of the seal is the shape of the piston 22 itself.

.0 Unlike prior art pistons the instant invention teaches providing
9



sealing force of the stack to the backplate via the air cylinder _0 walls,
required the cylinder wall to be strong enough to transmt this force. This
has been wohiigssd in the past by usi ng steel, typicall y R CIracam/ondvs | i ke

and a I hi c ness ffICI t 1o, bear the | oa Th| ha e wal |
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vent O KHREEY) FRMEPEaBPReaB6d8 DRIF T IbdSihG: I SO SRR aFR an
air sealhetnil scomdetf Baeet W $inct hes bae kphat wed BinBypol pmerporati ng a spring
nmeans associated wth the cylinder or a '.5 nore resilient cylinder
construction, the backplate bore depth tolerances and the cylinder height
t ol er arldee cabhbenghcr ehswdctefrdstiiess oSt | Yhemauf al@tsalginng fet\m:slre:ﬁ t Aee

COMpr eSUME S &L pLEQURSPEL RGrUBSHCLA] b dI fraef ?aghéﬁm}ﬁ?
the backplate 18 at s 19 Consequent | e c I|

nmade ofPHH; hkfer foﬁ/ea@(eldeﬁ&tg@rl%&m%héﬁ (,t@nv*éiaiﬁL orﬁahCWn uééd U%né’atti@@rtef@@e
can haws, :gmeaw% thq:yml hégsi S_ts?%ciﬂi@tf@@yfr@ﬂf%ﬂé‘gmhﬂﬁfﬁﬁaple{ﬁéd%r e?’%
the ru surface for air st on s lo 0.allowa Iover
cost sedl® toUBRIAgedP Ay %t‘ﬁ?%f 3 a*ﬁben C%%rl@gc kPéa Br ai R
passageslidstandl15t86 iheathel dsishifpgm4 taved dimckﬂplcpadtl&kﬁlsl Owﬁlyldreakage
of cplast ong val ve 0 es e. cond f eat ur esi ne to
i A i ?e %ﬁe%%‘?rpeé%t ure” dlf%&vgenvjih?%?%‘entsb%f W& ERE | ﬁ%ﬂ ﬁgl?ﬁ:

t he pi Senidsit8elf Wat(DSUrﬂnd<elJpr9 owaatE,plasteonlsowhebynstaaintatllmlent i Bhe

t eachess Rpovd di g, %h\é@soj-téﬂ 9§@m5gé%9é/ %%39@@ tfp'l@n%%%ﬁ?eftg&ﬁf%e

radi al Iy connecti ng the periphera ere the seal
i s | ocathske Bﬁh?oc%&$§0n seal must operate, 135 In contrast,

Figure 3 shows the thermal profile of the inventive design of

:0 the present invention. Again, most of the heat is lost wvia the
conductive route through the contact area of the backup pad and
the backplate, 91.2 watts. However, the surface temperature of
the cylinder wall for the seal 1s now 98.1°C. This is
substantially lower than the earlier design and means that less

'5 costly seals can be used while a long service life can still be
provided.

By removing the backplate and cylinder 24, piston seal 24 can be
easily changed, if necessary, thereby maintaining easy
0 serviceability of the assembly.

A second benefit of the air piston assembly design according to
the present invention is that the air supply channels 26 and 28
respectively can be simplified to make the drilling of the
‘5 backplate less costly. Some prior art designs like the ‘182
Patent required both air supply channels to be provided at the
sealing face of the cylinder wall. This meant that the drilling
in the plate Dbecame more complicated and often required the
plate to Dbe thicker to accommodate both circuits within the

0 thickness of the backplate behind the cylinder-sealing plane.
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reduci ng the cross section of the piston material available for conducting
heat fromthe hot valve stemhead the tenperature of 5 the piston seal area
i s subst awmio @l8962r educed. Alternatively, the piston can rEmeaa/oisa
material having a high resistance to thermal conductivity such as an

engi neering polyner. The thermal characteristics of these design features
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nDst(ﬁr%ﬁkg%%anggEPgégevﬁgt%ﬁ?éﬁﬁﬁmﬁ% ?%ge?oﬁyggFﬁ?oggh§9ma%%%?%CF area
of the bawkuptpadoands .t hellbackphatess 8te 2 fmarices .t tdowenidrted hghsondlacehe

t enper f h yLd r I rqt S ) 1C. Ahis

suggt aﬁ%%ﬁlﬁ ?%&e?fh%dﬁl@? eb\ggrﬁ%{r? éégggn@nqéﬁéggg\l '?%gt' | efsgsy' %ké%lg%ﬁy
seal s c&if bdS useBvalrfete Wy Ragkirbatef é8caiastidisase amprohanedib BHO.
renovi ng Aie backilplie andreyliHer oRdyr pdONcsed; Adfapobey i Laghb¥ral

changed, if necessary, thereb intajning ea serviceabi | i of the
assent)ﬂy?i%S sé@oﬁ%ateﬁ@ﬁ Sbeofalutﬁ‘%ﬁgrtﬁf‘%&%}ﬁ gé@e % - 'a@]rgeacftb%r?if ngPeo

t he presgninddwednt i ohei Satkattine hts SUppbyscharnedsal atite 280y saving

r espect.i,vel nbe sinplified to ke the drilling of the 5 backplate |ess
co§$|yﬁh§%ﬁ%“%$f€$53r © e%?%%so???%@%%%'1182 Patent required both air
supply channels to be provided at the sealing face of the cylinder wall.

Thi s meant,tdate the Qrd |l ngedoR th%%ralemt%ecgmo Len¢onphi catedyandy, o

often required the | ate to be thicker to accommpdate both circurts wthin

the 0 ihitiaesed ofythedpackpl Bee BéRi vd asesl @9 dertreshl inpge pregeh nut

15 and its open end forming a seal against the bottom of the

0 bore in backplate 18. The closed endwall of the cylinder 67 has
springlike characteristics and can flex so that it constantly
urges the open end of the cylinder wall to make an air seal
against the bottom of the bore in backplate 18. As before,
several holes 68 can be punched through the end wall 67, of the

?5  cylinder to provide air supply to the lower part of the air
piston 22. In this configuration the backup pad 66 has a
simplified construction to transmit the compressive force
directly to the backplate 18 via annular shoulder 69.

30 Figure 7 shows a third alternate embodiment in which the
thinwalled cylinder 71, similar to that shown in Figure 6, has
its closed endwall 72 having springlike characteristics so that
it can flex and constantly urge the open end of the cylinder
wall to make an air seal against the bottom of the bore in the

35 backplate 18. The backup pad 73 is a titanium piece having
thin sections to minimize the conduction of heat from the
manifold 1 to the cooled backplate 18. Both the backup pad and
the cylinder 71 are held in place by split ring 74 mounted in
bushing 75. Locally, annular thickening 76 of backup pad at the

:0  bore fitting over the bushing 75 provides an insulating air gap
11



10 WO 01/ 78962 PCT/ CA01/00395 Figures 5 and 6 show alternate enbodi nents
of the piston/cylinder configuration of the present invention. Comon
itens havewahgssame nunbers. Figure 5 shovvs t he thinwal | edrCT/cadiionsdsr 55
has fI b th nds have spring-like _characteristi.cs, . thereb
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ri b559.18A|r is supplied to the | ower side of piston 22 via several holes
60 that can be punched through the | ower flange 58 of the cylinder at the
sane time its flanges are fornmed thereby saving _5 the cost of a separate
oper at ikiguife gt e shoestrowa a feecahd allternatte eehddidieenhti ninhi whltche the

h' | d d h
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to make an air_seal against the tomof the bore”in ba
bef or e,2n& eiRAE #PrE’SB8tRANIBECBUAGKEd tthAdEH e ond H\@wverz, ohlike 75
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t ransm 4 HE LONPrESE Ve rjd?‘? eteFHet 0 8the harkPP afd 288 Hoa AHRE af
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t hi awald ed i nder._ 7 |mIrtoth sh in Fi 6, has _its closed
é\%al Iéng}%{?i %infor ijcﬁg %ﬁar ac eC?]TtL%]fll %\g]esoog?ﬁé%gm? ta?ﬁ“pfel «?)F 0%

const anthy aygéetﬂheamﬂbeﬂni@mrofw hex cplreddelermwaldd troa ken anlegiignseal to
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ati tanl um pi ece havi ng hin sections to mnimze the conduction o }11
fron1tfﬁ9rmal temperature range. See co-pending application,

Application No. 09/575,353, filed on May 19, 2000 for additional
0 teaching on this subject.

Figure 9 shows a fifth alternate embodiment in which the
cylinder 91 has no endwall. Instead the endwall 1is spring
washer 92 that urges the cylinder 91 against the bottom of the

5 Dbore in backplate 18 thereby affecting an air seal. The backup
pad 93 centers the cylinder wall and makes an ailr seal at its
lower end 94 and supports the inner face of the spring washer 92
at its bore 95.

30 Each of the alternate embodiments contains one or more benefit,
such as a lower manufacturing cost, improved reliability, ease
of assembly or servicing, etc. However, the preferred
embodiment, Figure 1, is considered to contain the Dbest

combination of these benefits.

Thus, what has been described in a novel air piston assembly
which transmits only a portion of the compressive forces between
the manifold and the backplate via the piston cylinder walls.

Preferably, the backup pad transmits the other compressive

0 forces, as well as heat, leading to lower cylinder wall
12



manifold 1 to the cool ed backplate 18. Both the backup pad and the
cylinder 71 are held in place by split ring 74 nounted in bushing 75.
Local Iy, wuil@deat hi ckening 76 of backup pad at the :0 borpgetididiiopgpsover

t he bushi ng 75 provide n insulating air gap 11 WD 01/ 78962
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provi ded by a LO separate spring washer 83. Nozzle housing 84 is
conventional and seals against the | ower face of bushing 85. However,
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bore i mdiackpiatend & theaedy ahteebkabgabNodl kosaal tolheRagdly PO 98ch

centers the cyl.inder wall and kes an air seal at its  |ower end 94 and
sup orf%"gﬁg”QEﬁﬂn? (ﬁqq%ﬁéikﬁ?ré}%%&ﬁ%ﬁeﬁfﬂltf??%th%?%'QS. 30 Each of
the alternate enbodi nents contains one or nmore benefit, such as a | ower
manuf acturing cost, inproved reliability, ease of assenbly or servicing,
etc. However, the preferred
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enbodi ment, Figure 1, is considered to contain the best conbination of
t hese benefits. !5 Thus, what has been described in a novel air piston
assenbl y wahiieloder ansmits only a portion of the conpressi \wETiQuMszdset ween

t he na%l_{AQﬂ c&sa tﬁ,ﬁmbalcé(pl ate via the piston cylinder walls. Preferably,

t he backup pad transmts the other conpressive 0 forces, as well as heat,
| eading to |l ower cylinder wall 12 WO 01/ 78962 PCT/ CA0O1/ 00395 tenperatures

and | onger seal I44if.e. , f ex er d
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resent .invention has been descrjbed w respec a re presently
P omer e Tt LTE haT 5P e Fon cHvothyach s “EPeRbt L, 1808 Her SE That
t he | nwenidgmasdisrenaotdan hetwsont Aehol diuseleas echranadd rend sa Backpeate;
contraraxd the invention is intended to cover various nodifications and

equi valen arrangenents included within the spirit and scope of the
appended cl ai ns. SHigl scopésbbnt he dwlimimg cekahibits todhe sperdondedikhe

br ogde | : td t |l suc j fil LoNns d -
oot vara IR Y aR 85 | CoRREATBNS Brrhoes B ol oSk AR s
CLAI MED Qs runnes magyi fgerangp perateack®iate hot runner nozzl e assenbly,

conprising: 5 an air piston cylinder dinmensioned to forman air seal wth
an air piston, and disposed to transnjt lLess than all of a conpressive
force Botveen a ABEARHINE HRTGHE ahd GLBABKpF afler iy Sl Pt Lo
cyl i nderf exttd hiites-en waipit i d keistdh chal aederi sti c when the conpressive
forge is applied between the

3. Apparatus according to Claim 2, wherein said spring

comprises an annular bevel at the top of said piston cylinder.

4. Apparatus according to Claim 3, wherein said bevel has

0 a circular opening therein.

5. Apparatus according to Claim 2, wherein said spring

comprises a flange formed at a bottom of said piston cylinder.

5 6. Apparatus according to Claim 1, further comprising a
backup pad disposed - to transmit a portion of the compressive

force between the manifold and the backplate.

7. Apparatus according to Claim 6, wherein said backup
0  pad transmits a first portion of said compressive force directly
to sald backplate and another portion of said compressive force

to said backplate through said piston cylinder.

8. Apparatus according to Claim 6, wherein said backup

35 pad is disposed to reduce heat transmission through said piston
cylinder by transferring heat directly from the manifold to the
backup plate through the backup pad.

9. Apparatus according to Claim 6, wherein said spring is

.0 formed as one piece with the backup pad.
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hot runner manifold and the backplate. 2. Apparatus according to Caim1l,
wherein said spring is of one piece with said piston cylinder. .5 3.
Appar at uswacmgsglizng to Claim 2, wherein said spring conprACIgcAdmnIESnul ar
bevel at the top of said piston cylinder. 4. Apparatus according to Caim
3, wherein said bevel has 'O a circular opening therein. 5. Apparatus
accordilfy to C aiAanr&\'hm eanccsadtlngpltbn@ladmrpﬁr,i geéee il argyed f spnidgatisa

bot t omcpf i dh MStAEYSA ek i sof By1ARALaLYS ageardingybopChai m 1

further conprising a up pad di sposed -to transmt a po on of the
conpressive force between the mani fold and the backpl ate. 7. Apparatus

accerdiing, to O aigpsrahes elar&o%&ldin@acwp crdiad,t ransriis %aflldf shiBephi ON
of said essive force directly ai d backp (ate and anot porti gn
of sai PO CasiVETOrE T i # Dacki aCeTPRESG]H csarpiot ORZEy| PRAGT

8. Appdratlusp gedrding to G aim6, wherein said backup !5 pad is disposed
to reduce heat transm ssion through said piston cylinder by transferring
heat directly fromthe manifold to the backup plate through the backup
pad. 9.1Z2Appar at usArrortdinigateoCdainm 650 wideéinn lsai whepeimgai porkfor ned as

onegpi §3& V\‘:ér%of@@s?@&k¥8rgéd calth c?\éo% 71§g§go /goseé‘/ %031:%5 Dt n BPPAr afus

accordi ng aim 6, wherein said spring is et ween sai d pi st on
cyl i ndearlran‘iﬁas]al"ﬂltﬁhcm wlfaldl.  Apparat us accordl ng to Claim6, wherein
said piston cylinder transmts |ess of the conpressive force than sai d
backup pad. 12. aratus according to, Caimy1 \/\herel n a, porti on of

the corptessive PO tdised CRE G ohC cytidider 1r o HREFRHR n &4 aP?LSE@aI
with thegInarddml dompBisAppar atysiadeacdingd: Chairimd, a/mleéeen. sAigbi ston

Cylgnd GK§OQR&'§%_E%§§4EHQHE%g ert h%ylngforbegel hqﬁﬁ1aone or more

walls thereof.

14. Apparatus for an air piston of a hot runner nozzle
assembly, comprising:
20 an ailr piston cylinder for engaging the air piston,
said air piston cylinder providing a first path for transmitting
a compressive force . between a hot runner manifold and a
backplate; and
a backup pad disposed to provide a second path to
5  transmit the compressive force between the hot runner manifold
and the backplate.

15. Apparatus according to Claim 14, further comprising a
flex member which flexes under the compressive force to keep an

}0  alr seal between said piston cylinder and the manifold.

16. Apparatus according to Claim 15, wherein said flex

member is formed as a bevel at a top of said piston cylinder.

5 17. Apparatus according to Claim 15, wherein said flex
member 1is formed as a flange at a bottom of said piston

cylinder.

18. Apparatus according to Claim 15, wherein said flex

0 member comprises a disk spring disposed between said backup pad
15



.5 one end thereof and two air holes forned through one or nore walls
thereof. 14. Apparatus for an air piston of a hot runner nozzle assenbly,
conpri si ngo 01//89@an ai r pi ston cylinder for engagi ng the airCTpiAti®n39s said
air pi tnoop scayild nder rowg a first path for transmtting a conpressive
force. betveen :f]hoft r umh mani fol d and a backpl ate; and a backup pad
di sposed to provide a second path to 5 transmt the conpressive force

between 4 he hot m@'gewrdﬁ@g Lhechaghphat e k3. APRAAI B 2CCOL4I NG

to Claim14, furt risin whi ch fl1eéxes un

conpr eSHGRIG RS obREBp taf@nsml& hegdal boerorenthai 8o sty | Reekfobdd
t hesmaniddlithe aciRatat us according to Caim 15, wherein said flex
menber is forned as a bevel at a top of said piston cylinder. 5 17.
Apparatus according to Claim 15, wherein said flex nenber is fornmed as a
fl ange 2at. a bott am ofisaiyl Mddvnforyd inserruhier Appat bé Uscancot gdimg: t o

Cl ai m 15, wherei ex nher. rises a disk,_sprin i sposed.

bet ween sai d back%up pg({]_’O!n @ﬁ?%g@z /@W%ﬁ%%tl Nd seﬁqld %inst%hr
cyl i ndethamgl Aplparaausbacbpidtﬁg teaQ:tial mikdonwhergiimddre fdisgposadl to
secgnd t&aaiﬁﬁlttotﬁggam L heapbet W@ﬁgr%@%l%t ALRAETLJAU GOl 2y 2AG & e

backpl ate. 20. An air runner nozzl e, npri si ng
pi st on A |%rba<ﬁkm@t@oﬁﬁumw o vikh aeadi Fo @ﬁawnﬁﬂ@%a@ﬁbﬁ%ﬁ@

sai d pigdion gWddidery disposeshd oche a1 ansdde] €SS than all of a
conpressive force between a manifold and the backpl ate to cause an air seal

to be maintained between said piston cylinder and the air channel. 21. A
cyl i ndex1 .accor di g dplﬁ@ém 20cotdttfetocompliinsi20g & urthdrackanp Pk fpra

tragsmggdﬂﬁﬁebggr Le é¥aﬁéﬁié% regsk%%ta%%p%xf the compressive force

not transmitted by said piston cylinder.

22. A cylinder according to Claim 21, wherein said piston
cylinder provides a first path for transmitting heat between the

!0 manifold and the backplate, and wherein said backup pad provides
a second path for transmitting heat between the manifold and the
backplate.

23. A cylinder according to Claim 22, further comprising a
5 spring disposed to maintain said air seal under different

compressive forces.

24, Apparatus for an air piston in a hot runner assembly,
comprising:

0 a pilston cylinder forming an air seal with the air
piston, and in air communication with an air channel in a hot
runner backplate, said piston cylinder transmitting less than
all of a compressive force and less than all of a heat transfer
between the backplate and a manifold;

5 a backup pad in contact with the manifold and the
backplate for transmitting both compressive force and heat
transfer between the backplate and the manifold; and

a flex member for absorbing compressive force between
the backplate and the manifold to maintain the air seal between

0 the piston cylinder in the air channel.
16



not transmtted by said piston cylinder. 22. A cylinder according to Caim
21, wherein said piston cylinder provides a first path for transmtting
heat bet wa@vit7g2 10 mani fol d and the backpl ate, and wher eiaT/caitgossackup
pad provides a second path for transmtting heat between the manifold and
the Dbackplate. 23. A cylinder according to Claim?22, further conprising a
,5 spridig di sposédbparamistatcosdingate Séalimuder Mirffherrentommohpiessaue
forces.,.24. at I |.St in.a h er embly, .-

conpri S rg: P10 AT e 1 oy Phr i Bt ai ¢ BGar i Th T he Aty PHPEPB,
and i n @ineBunpeadi ol i PR SaRNai Rathadingl PATALIRBt OF uAweiCeslckprase;
sai g pisdan @yldddeinitansnbiti fPahessrt BaBm al lelfteadr M Lssiyestof cecand
| ess than all, of a heat transfer between the backplate and a manifold; 5 a
backup i oMt ati®with the nanifold and the backplate for transmitting
both conpressive force and heat transfer between the backplate and the
mani folgd;, and a f] ex menber for ahsarbing ressjve_force between he
backpl ate and the pnpaanrl#ﬁsd 0 S nt S nltfghe&g??msz%i’ b@’thv%eer%n Os?ﬁg pffi?}én
cyl i nderenbrenrt heomprisdhanaebevés WO 00A78962cPET/MAGH0D39Es 25 Aphbandeus
accgrding to Caim24, further conprising an air piston having a piston
seal in contact with said piston «cylinder, said air piston having a
portion of reduced cross 5 section to inhibit heat transfer froma center
of sai gpiston t qpsatshpd steRoseldhng 260 APPAIAL US ACeRIGidNg t 9aEhal M &4,
wherein smabld flex nenber con‘gil ses a ?evel of gne piece with jg(?l d piston
cyl i nd&femPey FOMRISESt (] atedlPafngCto BR& mPAECSahdPdith SRifP fIR%ston
menber ccdnpideses a flange of one piece with said piston cylinder.

.5
28. Apparatus according to Claim 24, wherein said flex
member comprises an inwardly projecting bottom portion of said

piston cylinder.

0 29. Apparatus according to Claim 24, wherein said flex
member comprises a disk spring disposed between said piston
cylinder and said backup pad.

30. Apparatus according to Claim 24, wherein said flex

’5  member is formed of one piece with said backup pad.

31. Apparatus according to Claim 24, wherein said backup
pad is disposed to contact said piston cylinder, the backplate,
and the manifold.

30
32. Apparatus according to Claim 24, wherein said backup
pad 1is disposed to transmit compressive force to both said
piston cylinder and said backplate.

5 33. A method of sealing an air piston in a hot runner

nozzle assembly, comprising the steps of:

sealing the air piston with a piston cylinder disposed
between a hot runner manifold and a backplate; and

causing compressive forces to be transmitted between

.0 the hot runner manifold and the Dbackplate via the piston
17



.5 28. Apparatus according to C aim 24, wherein said flex nenber conprises
an inwardly projecting bottomportion of said piston cylinder. ?0 29.
ApparatUS“EDMﬂBﬂhng to Cl aim 24, mherein said flex menberrcaotirios®s a di sk
spring di-spo bet ween sai d i SL.0 i nder and said backup pad. 30.
Apparatu\éfgr(l:%or &V‘?n Cf?lan?ga ]\il\%l%l’%ln said flex '.5 nenber is fornmed of
one piece with said backup pad. 31. Apparatus according to C aim 24,

wher ei ai d bac Pad, s di to,c ai q, yl : he
backplg?g and Fﬁgx%an f%lggcgggggg A%%a?g%ﬁg{aﬁcor ﬁ%ﬁgg ¢ 5%%%%? 18
wher ei isiqF¥hckap T1ead WRCHi §B6s PG a5 HEHhi thE@ﬁprléssqmllf%i cBetgenst h
sai § pirsd Hbeyhinder ik seld DagkphatBackp188e.A nethod of sealing an air
piston in a hot runner nozzle assenbly, conprising the steps of: sealing
the air piston with a piston cylinder disposed between a hot runner

mani fol d and a backpl ate; and causi ng conpressive forces to be transmtted
between O the hot runner manifold and the backplate via the piston 17 WO
01/ 78962 PCT/ CA01/ 00395 cylinder and the via a backup pad. 34. Apparatus
according to Caim1, wherein a spring is disposed to flex when the
conpressive force is applied between 5 the hot runner manifold and the
backpl ate. 18
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