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The present invention relates to the manufacture of molded bellows
parts, and more particularly to such bellows parts wherein both ends are open.
Even more particularly, the present invention relates to methods for stripping
open ended bellows parts from an injection mold.

BACKGROUND OF THE INVENTION

Resiliently deformable bellows are used as sealing boots around
flexible couplings, as flexible couplings themselves, as collapsible containers,
etc. A particular application of interest for a bellows is as a replacement for a
piston, retum spring, and cylinder in pump devices, particularly lotion pumps
and trigger sprayers.

Pump devices require pressurization of a fluid in order to dispense the
fluid. Pistons and cylinders have historically been used to generate fluid
pressure. In a trigger sprayer which is used predominantly for low viscosity
fluids, for example, a piston and cylinder arrangement provide either high
friction and good fluid sealing, or low friction and a certain amount of bypass
leakage. Neither of these combinations is desirable. Piston and cylinders are
also known for binding during axial movement, which causes erratic actuator
motion.

A cylindrical resilient bellows serves as both a pumping chamber and
a return spring. The bellows changes volume by virtue of axial deformation.
A bellows has a series of interconnected pleats which have walls that act as
conical ring springs. The summation of conical ring bending resistances for
all of the individual pleats determines the axial resilience of the bellows. The
primary advantage of a bellows is that it can provide a lower actuation force
than a piston, return spring, and cylinder combination. A bellows resistance
to axial deflection is less than the sliding friction between piston and cylinder
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15 wall thickness of the conical ring portions of the pleats. Resistance to
bellows pleat deflection is a function of conical ring thickness cubed.
Therefore, trigger sprayer bellows are made by injection molding so that their
axial deflection resistance is more controllable. Also, injection molding
permits the addition of other functional elements, such as valves and vaive

20  springs, atomizer elements, etc., molded integrally with the bellows.

Injection molding of bellows is a well known process. The trick, of
course, when injection molding any part with radial undulations or undercuts,
is stripping the part from the mold elements. Typically, injection molded
bellows are hand stripped off a mold core pin. Such stripping of a still warm

25  part often results in permanent damage to the bellows from abrasion with the
mold. Alternatively, bellows have been molded with one end closed so that

" air can be used to inflate the bellows to blow it off the core pin. However,
the resulting bellows must thereafter undergo a post processing operation to
remove the closed end, and additional scrap results.

30 U.S. Patent No. 5,006,376 to Arima et al., issued April 9, 1991,
discloses an open ended conical bellows shape which has specific proportions
and is made of specific material in order that it may be stripped from an
injection mold. The extreme limitations on proportions and materials
exemplifies the difficulty of stripping a bellows from a mold without

35 damaging the bellows.
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20 pin. The stripping method uses only components built into the injection
mold. The core pin has a clearance hole connected to a source of compressed
gas. The clearance hole gains fluid communication with the resilient bellows
part when the stripper rod moves axially from the core pin to push the
substantially rigid first open end. The step of expanding the resilient bellows
25  part comprises passing compressed gas from the source through the clearance
hole of the core pin to the resilient bellows part.

In another aspect of the present invention, a method for stripping a
resilient bellows part from an injection mold comprises the step of injection
molding a resilient bellows part. The resilient bellows part has a resilient

30  portion located between a core pin and a split cavity and a substantially rigid
portion located between a stripper rod and the split cavity. The substantially
rigid portion has a first open end. The resilient portion has an inner surface
and a second open end. Another step comprises opening the split cavity to
permit the resilient portion and the second open end of the bellows part to be

35  stripped from the core pin. A further step comprises passing compressed gas
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20 FIG. 1 is a front elevation view of a preferred method of the present
invention for stripping an open ended bellows part from an injection mold,
disclosing a fixed end and a movable end of an injection molding machine in
the closed position;

FIG. 2 is a front elevation view thereof, disclosing the movable end of

25  an injection molding machine in an opened position with a bellows part being
ejected;

FIG. 3 is a sectioned top plan view of fixed and movable portions of
the mold of the present invention, taken along section line 3-3 of FIG. 1,
showing the cavity of the mold closed around a core pin and a stripper rod,

30 and a bellows part newly formed therebetween;

FIG. 4 is a sectioned top plan view thereof, similar to FIG. 3, showing
a split cavity opening perpendicular to the axis of the beliows part while the
movable end of the mold moves axially away from the fixed end;

FIG. § is a sectioned top plan view thereof, similar to FIG. 3, showing

35 the stripper rod moving out of engagement with the core pin, thereby acting
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2, there is shown an injection molding apparatus, which provides a method of

15  the present invention for stripping an open ended bellows part from an
injection mold and is generally indicated as 10. Injection molding machine
10 has a fixed end 12 and a movable end 14 which is actuated by a hydraulic
cylinder 16. FIG. 1 shows an arrow 20 to indicate where the injection of
plastic enters the mold section of the machine to form a bellows part 22.

20 FIG. 2 shows fixed end 12 and movable end 14 axially separated when
hydraulic cylinder 16 is retracted, ejecting bellows part 22 therefrom. Such a
machine is well known in the art. In a particularly preferred embodiment,
machine 10 is an Arburg 40 ton toggle press, Polyronica U version, made by
Arburg, Inc. of Kensington , CT. The preferred mold is a four cavity mold

25  with each of the four cavities operating similar to the single cavity operation
illustrated herein.

The present invention is the method by which a fixed mold portion 24
and a movable mold portion 26 operate within the machine to form and strip
an open ended bellows part from the machine. FIG. 3 shows mold portions

30 24 and 26 in a closed position. Movable mold portion 26 has a core pin 28
having a shape of an inner surface of a bellows and a split cavity 30 having a
outer shape of a bellows when closed around core pin 28. Split cavity 30 is
preferably split along a plane parallel to a longitudinal axis (not shown) of
the core pin such that two halves 31 and 33 may be opened perpendicular to

35 the longitudinal axis. Split cavity 30 can open in any direction, however, as
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PCT/ U%96 /17146 stripper rod 38 axially in clearance hole 40, either mechanically or by

compressed gas pressure applied to the end of the stripper rod. Stripper rod
38 is biased toward valve seat 36 by a means not shown in order to maintain
15 poppet valve 39 normally closed. The purpose of the poppet valve is to admit
compressed gas (from a source not shown), which flows from an inlet 42 in
core body 32 and through clearance hole 40 along the outside of stripper rod
38 to valve seat 36, and finally to an inner surface 23 of the resilient portion
of bellows part 22 to expand the bellows part for stripping it from core pin
20  2B. Stripper rod 38 which has poppet valve 39 seated closed during molding
also serves as an inner core pin which forms an open end of bellows part 22.
Fixed mold portion 24 is pressed against the end of stripper rod 38 during
bellows part injection molding.
In order for the operation of the mold componems of the present
25  invention to function properly, bellows part 22 has a first open end 44, which
is more rigid than the resilient corrugated portion 46 of the bellows. Open
end 44 has a smaller diameter and is generally thicker than resilient portion
46,
Bellows part 22 has a second open end 50, which is generally the
30 larger diameter of the two open ends so that it may be more easily stripped
off the core pin. Bellows part 22 is molded of a resilient material such that
the bellows will expand somewhat under the pressure of compressed gas to
enable stripping it from the core"pin. In a particularly preferred embodiment
of the present invention, bellows part 22 is molded of ethylene vinyl acetate
35  resin, grade UE632 available from Quantum Chemicals, of Cincinnati, OH.
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Split cavity 30 i Closed at core body 32 when compressed gas expands the bellows. Annular
20 second end 50 is slightly more rigid than the corrugated part of the bellows.
Bellows part 22 is stripped axially from core pin 28 by stripper rod 38
pushing against an inner ledge of first open end 44. Meanwhile, second open
end 50 of bellows part 22 slides along core pin 28 and maintains a mostly
gas-tight seal with the core pin. Even if some compressed gas leaks out from
25  bellows part 22 at second open end 50, there is sufficient compressed gas
flow to maintain bellows part 22 expanded sufficiently for stripping it off -
core pin 28. Typical compressed gas is compressed air at 60-80 psig.
FIG. 6 shows further axial separation of fixed mold portion 24 and
movable mold portion 26. Bellows part 22 is pushed further off core pin 28
30 by stripper rod 38 while bellows part 22 remains expanded by compressed
gas. Poppet valve 39 remains open until bellows part 22 is stripped from core
pin 28.
FIG. 7 shows bellows part 22 stripped from core pin 28. Stripper rod
38 is returning to close poppet valve 39 against valve seat 36 of core pin 28,
35  thereby stopping the flow of compressed gas. Split cavity halves 31 and 33
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clearance hole  rod 38 refécts,opanighl aafdelows palt. 22Ropyshed o btrippel fod 38. opened

0SSt ("9 A altermat bl 8B oAt oo B Bl RIAGE a0, £ 40
r Yy Cco ressed gas pressur I e

ei ther mechanically o ) 1S Pl e a _ o the
end of the stri pp@hd2§qcouls aligy, split,cayity 30 to remajy with fixed mold powien 24al ve

seat 36 by a meansnsieat offvitnmovabde fdld pertiomel Sinte splibcavitp 3oRRy ¥@nve 39

normal |y closed. Th . ef .V i.s t t .
conpressed gas (f PS%%#%@%?E%%\%%%H@%?,é‘\'/ﬁ'ngtxﬁef lcé%glpfgeﬁrgnaqynpg?l 42 in
core body 32 and tsppasilign ©cewss.amee ofST eCyely phanggs t Wouldutbsi arecessargttoj pper
rod 38 t 0 av@imifodateduc an alemshtive.nal |y to an inner surface 23 of the

resilient portion While” parfl @l WRbdAthéned 5 1 $X02R Indedhfiod FalPBenPar t for
stripping it fromcore pin o ) R
15  illustrated and described, it will be obvious to those skilled in the art that

various changes and modifications may be made without departing from the

| ong

spirit and scope of the invention, and it is intended to cover in the appended
claims all such modifications that are within the scope of the invention.



20. 28. ' i ch has poppet val ve 39 closed during
nol di ng mmllﬂﬂﬁﬂmﬂmﬁﬁﬂg as an inner core pin V\/nl ¢HIS SHEET HAS BEEN [end of
.L M S

bel | ows pa# »rixed nold portion 24 is p[esseREpygACEyt theg end

of stripper rod 38 during bel | ows part i njeCtTomrrotetrg-
In order for ation of the nold conmponents of the pr

I nvention to‘Qﬁﬁ@ﬁﬁﬁé properly, bellows part g2 has a first$§§gﬁﬁ%wiaﬁ4,

whi ch is nmore rigid than the resilient corrugated portion 46 of the
bel | ows. Open end 44 has a smaller dianeter and is generally

t hi cker than rWHAT BELABEDJS: 46. Bel | ows part 22

has a second open end Afethol Fotlitri in@%ﬂ%lﬁhﬂ%ﬂ&b?pmﬁ&na{rjﬁﬁ&ﬁ&nﬂblﬂ”e'[er of

the two open ends sa that.it _may be nore easily strippe of f the
core pin. Bell‘g\ﬂg“% 'ﬂ’é’le%‘e ded of a resilient material such that

the bellows will expaitjestiomawiding axesilient btllowspes stoued e korepimand aseippeasdt o
enabl e stri ppiwielasplif @ity RfrouRdesaidl ddre piflaritl AR shrigped ] hid¥ord fih bfedlsai
enbodi nment . of,.t he pr nt. 4 nvention.. hel | ows rt. .22 m)Tmél d .of
et hyl ene vi ny| SRPST Iqd having 2 sgésg@}xﬂ!y ¢ e&EBPEB’gWJa% f@‘g\"’é‘l‘?‘\‘ Bﬂf"@&é’ﬁ'ﬁ‘ AYing
Chenmical s, of aubstantiaily rigiddisst open end and werstlientis86ond open end;

PCT/ US96/ 17146 b) opening said split cavity to permit sauf resilient bellows part t¢ be stripped from
I nj ection nol di rbg machi ne conditions” are: 375[err nozzl'e tenperg?ure,
375[err] F SaC QOFHPM: t enperature, 350[err]F middl e tenperature, 300[err]F

rear tenperature, 339[espanfing said resilieatdreliows pret radisitynquewat fiom saidadee gisi i r st
stage injection presdpuchingdhflt iRsiient bellows & sl ﬁﬁﬁ%ﬂlﬁéﬁﬁhﬁ?@pﬁ{fﬁf@?ﬁdﬁe
pefiows,

100 psi back pressure,. 1.5 secqgnd.inj.ection o . tine,. eco 0

10 second cool TP f‘ﬁ’et," fﬁf?“l"%%@d?ﬁd"’f‘#e‘b*@e\"%m from s?‘a core pin wiale spif gesili

del ay tine, arpardsBxpaadesoutwardlyifrom said/conepin, saidrstripping method using only components
built into said injection mold. ' '

2. The method according to Claim 1 wherein said core pin has a clearance hole
connected to a source of compressed gas, said clearance hole gaining fluid communication
with said resilient bellows part when said stripper rod moves axially away from said core pin
to push said substantially rigid first open end, said step of expanding said resilient bellows part
comprising passing compressed gas from said source through said clearance hole of said core
pin to said resilient bellows part.

3. A method for stripping a resilient bellows part from an injection mold
characterized by the steps of: :

a) injection molding a resilient bellows part, said resilient bellows part having a
resilient portion located between a core pin and a split cavity and a substantially rigid portion
located between a stripper rod and said split cavity, said substantially rigid portion having a
first open end, said resilient portion having an inner surface and a second open end;

b) opening said split cavity to permit said resilient portion and said second open end
of said resilient bellows part to be stripped from said core pin;

¢) passing compressed gas through said core pin to said inner surface of said resilient
portion while said first and second open ends of said resilient bellows part are closed off;
thereby expanding said resilient portion outwardly from said core pin;

d) pushing said substantially rigid portion of said resilient bellows part by said
stripper rod axially away from said core pin, said pushing of said stripper rod away from said
core pin causing compressed gas to be admitted between said core pin and said resilient

This Sheet Has Been Reﬂlaced
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Resilient portion 46 has a nHX|nun1d|aneter of about 19 mm and a | ength of
about end 44 is about 9 nmin dianeter and second open
end SOTml'mlum“ﬂullmmn di aneter. 10 FIG 4 shows the first step
in strippifig the"belldws part fromthe core pin. Split cavity 30
opens perpendicular to the longitudinal axis of core pin 28 to

provi de a gaPyafB{én split cavity 30 and bellows part 22 SREWUR/17146

bel l.ows part 22 nay be expanded. Meanwhile, HBvabl e nol d portion 26

noves axi al | y pawiop of saidhfesiliens delimyscbapdo exmand sald resifiént portion and tcdRhGebybaid Inows

t he begi nni ng seippigisald rmmmwpéaﬁdmwéoregﬁ A in cl earance hol e

40 to clear valve se QW .C essed .ga
resilient portion 46 %f%&?‘?&ls‘ﬂ’s ?nygﬁrmo&ofg gﬁ"“@'ﬁ'&‘%ﬁ"‘?’%”%‘?ﬁ‘aﬁ'%ed
cl osed by st ristsipeer rpéeﬁqgaﬁﬂurwhengbeap\!npambpsbm sSmp@da&ompend corepibO r emai ns

cl osed at core body 32 when conpressed gas expands the bellows. Annular 20
second end 50 is slightly nore rigid than the corrugated part of the

bel | ows. Bel lows part 22 is stripped axially fromcore pin 28 by
stripper rod 38 pushi ng agai nst an inner | edge of first open end 44.
Meanwhi | e, - second open end 50 of bellows part 22 slides along core
pin 28 and maintains a nostly gas-tight seal with the core pin. Even
if sone conpressed gas | eaks out from 25 bell ows part 22 at second open
end 50, there is sufficient conpressed gas flow to maintain bellows
part 22 expanded sufficiently for stripping it off core pin 28.

Typi cal conpressed gas is conpressed air at 60-80 psig. Fl G

6 shows further axial separation of fixed nold portion 24 and
novabl e nol d portion 26. Bellows part 22 is pushed further off core pin 28
30 by stripper rod 38 while bellows part 22 remai ns expanded by

conpr essed gas. Poppet valve 39 remains open until bellows part 22

is stripped fromcore pin 28. FIG 7 shows bell ows

part 22 stripped fromcore pin 28. Stripper rod 38 is returning to

cl ose poppet val ve 39 agai nst val ve seat 36 of cpreérkﬂ—zgr__BE__Lhereby

stopping the flow of conpressed gas. Split cavit ,/TH SHEET3HAS IBEER 3
REPLACED

This Sheet Has Been Re’ilaced




WD 97/18076

PCT/ US96/ 17146 begin closing toward core pin 28 to begin a new
bel l ows part maki ng cycl e. Conpressed-air blow off is a typica
means for ejecting bellows part 22 from stripper rod 38. However,
means for such blow off is not shown. Al ternatively, just the

retraction of ' rod 38 may be used to clear 5 bel | 2
fromthe stri p;‘g{)b‘;r}%g# When second open endl @ no | onger p%mgﬁyplzlﬁged

by conpressed gas, contacts free end 34 of core pin 28 as stripper
rod 38 retracts, open end 44 of bellows part 22 is pushed off stripper rod

38. - An alterpative to the operation of fixed and novable nold
portions 24 and 26 koullt—alZ2ow spBt{caqity 30 to remain with fixed
nold portion 24 10 i nstead W novabije ngl d por-t= | split
cavity 30 may open 20 per pendi cuar to |t he I fudi nal axis oﬁ‘r+tﬁ
core pin before any aXBaL. sepfqrati orf ocd o ot her cycl ejchanges
woul d be necessary to comoflat e gjgch 3 rnative.

VWil e particul ar enbodi nments the presemtt i ny have been 15

il lustrated a]?'ﬁgscr bed,} it pM Il bg obvijqus t | | he art

t hat va ! s anggqs a nodiTicatrgns rnay be nadée t“ departing
fromthe spirit and e of the iQch"on,'anf it is intended to
cover in the appended cgains all sq&h modi fi calPons that are within

the scope of the invention.
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0 ’ What is clained is: 1. A nmethod for stripping a

resilient bellows part from an I njection nmold conprising the steps
of : a) injection nolding a resilient bellows part around a 5
core pin and a stripper rod while a split cavity surrounds said core

pin and said ' rod, said core pin and said stripper rod
havi‘ng a subs?‘%ﬁigﬁsy col i near | ongi t ugixgl axis, sV
bel l.ows part having-a substantially rigid first open end and a

resilient second open end; 10 b) opening said split cavity to
permt said resilient bell ows part to be stripped fromsaid core
pi n; c) expanding said resilient bellows part radially

d) pushing said resilient bell ows
J{ZIst open end by said stripper rod
> id core pin while

core

outward from sfigor pi n;
s

part at said 1 stanti al
to - renove said resilient

said resilient bellows part

pin, said strippeh\r d bein 7 . XX poppet val ve
to rel ease conpr R} gas to expafetange RIS h40| ows.

2. The net hod -a+ 2ql 38 : : cl earance
hol e connected t Eour ce of CcOMNR 2, o022 ‘ETearance hol e
gaining fluid co cations w

i d stri | g \\§ \\ X 32V\/St part \r/1vhen_ .
said stripper rod nbves axi g54 N R pin to push sai
substantially rigid AN
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fi.rstSopen end, said f expandi ng sai d resjtient—beows paifo1614-
conpri si ngr\mm“m“m\ﬁﬁigﬂged gas from sai d souf dHEPLACEMENT: BHEE]'gI'I sai d
L

cl earance pin to said gsiTrent pefrt fpart. 30
3. " A nethdd for ‘stripping a resilient bellows| gary {gay

inje@tion nold conprising the steps of: 9 'a‘g I njectignjnol ding a
resilient Bgllowss P LimsSdl fs . resilient Qel’ ing a
resilient portron tocated between a corg pin and a split ¢avity and
a substantially +o— '

rigid portipn | ogahechd@t FELNsEr IBSIRG| & aHdyi PRSiRtRE 1lows past rERReran 0d
and said sp|lit cavity, igld substantially rigid portion having a
first open EWECELPY PRLF| FRRRPTHBIRY 0% StEPHRE hg an inner surface and a

second open end,apaifjsttippeatolding arpssibrleag hhebhsvagertstasaind core -
pin to create nor mal Ly ; o t_v ’ ; peni ng
B éorg'gl?ngné %1?t§%?%g£ ég?igggfg a égff%r??%ﬁF%”F rroéﬁd@

said split cavit o per d-resrl 0 sal d second
open end ofsaid decoxsipirvnanesdbisstinipper peed, t2abd core Pl dndrsaidd

core pin; gtripper ro&) hRASRGNE SQUPELSELLN DAScE LD Btk GRIEhPI N UpON
axis, said resilient bellows part having a substantially '
rigid first open end and a resilient second open end;
10 b) opening said split cavity to permit said resilient
bellows part to be stripped from said core pin;
c¢) expanding said resilient bellows part radially
outward from said core pin;
d) pushing said resilient bellows part at said
15 substantially rigid first open end by said stripper rod to
remove said resilient bellows part from said core pin while
said resilient bellows part is expanded outwardly from said
core pin, said stripper rod being mechanically operated as a
poppet valve to release compressed gas to expand said
20 resilient bellows.

2. The method of claim 1 wherein said core pin has a
clearance hole connected to a source of compressed gas, said
clearance hole gaining fluid communications with said
resilient bellows part when said stripper rod moves axially

25 away from said core pin to push said substantially rigid
first open end, said step of expanding said resilient bellows
part comprising passing compressed gas from said source
through said clearance hole of said core pin to said
resilient bellows part.

30 3. A method for stripping a resilient bellows part from an
.injection mold comprising the steps of:
a) injection moiding a resilient bellows part, said
resilient bellows part having a resilient portion located

between a core pin and a split cavity and a substantially



openl r-lg of sai d poppet “‘i |d.corrpressed gas passing to _ said
wau be

i nner surface f\ mﬂ\ portion while said first and second
open, ends of sa | ows part are 15 cl osed of f, thereby
expanding said résifi ent portion outwardly fromsaid core pin; '
d) pushing said substantially rigid portiBn of said resilient
bel l ows part by said mechanically operated stripper rod and axially
away fromsaid core pin while admtting 20 conpressed gas between said

core pin amisisd Parsiqn dcated betﬁlﬁqﬂ oh wscheglifaldyi 9peietss | ows part
to expand %ﬂpper rod &id ifiitd %Ilt@rbaﬁ\fﬁ.ctgi ,0 diey @%bs&:iafﬁtill&lityr I3l iIdD

sai d r esi nt bello art from (oX0) e)
ej ecting sé?%@l%ﬁ?n‘ﬁ%ﬂ I%/VEJTIS? '0f® as’é{ dfe%@'rllenr?:r EST5EOR bel | ows
part5from daivirgd rarppamemn dwuffisare smdal a second exdn emd,badidvstpddperas

'%ﬁﬂA&%Rﬁ%ﬁ%&%ﬂi%ﬂ&g eac_:Pa.lirhst.said core pin to create a normally

closed poppet valve;

b) opening said split cavity to permit said resilient

portion and said second open end of said resilient bellows
10 part to be stripped from said core pin;

c) passing compressed gas through said core pin upon
opening of said poppet valve, said compressed gas passing to
said inner surface of said resilient portion while said first
and second open ends of said resilient bellows part are

15 closed off, thereby expanding said resilient portion
outwardly from said core pin;

d) pushing said substantially rigid portion of said
resilient bellows part by said mechanically operated stripper
rod and axially away from said core pin while admitting

20 compressed gas between said core pin and said resilient
portion of said resilient bellows part to expand said
resilient portion and to thereby aid in stripping said
resilient bellows part from said core pin; and

e) ejecting said substantially rigid portion of said

25 resilient bellows part from said stripper rod after said

resilient bellows part has been stripped from said core pin.
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