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of conposing parts anong rel atively |arge nol ded
5 Technical Field
The present invention relates to a method for
preparing a shaft-unified type rotator. More particularly, it
- concerns a method for.hollow injection molding a shaft-unified
type rotator, and a molded article obtained thereby which is
10 excellent in dimensional accuracy, appearance, productivity

and environmental protectability such as recyclability.

Background Art
In the past, methods for hollow injection molding
15 have been developed and established mainly to achieve light
weight, good rigidity, reduction in a number of parts and-
unification of composing parts among relatively large molded
articles such as infefior and exterior finish parts of cars
and exterior finish parts of televisions. However, the hollow
20 injection molding has been recently noticed as a molding
method which meets increasing demands for improvement in
dimeﬁsional accuracy and unification of composing parts among
‘relatively small molded articles such as a gear and a roller.
Resin rotators are widely used as a mechanical part
25 1in various fiélds such as ordinary machinery, precision

machinery and electric and electronic equipment. Since resin
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articLéé such as interior and exterior finish parts of cars and
exterior finish parts of televisions. However, the hollow 20 injection

nol di Ag.- has been recently noticed as a nnl?ing met hod whi ch neets

i ncreasi ng demands for inprovement in ~ “dinensional accuracy and

uni fication of conposing parts anong relatively small nolded articles
such as a gear and a roller. .. Resinrotators are widely used
as a nmechanixiatngs arss gaad wir meddabidity, shave abightli wakghteand r%’r Jot

pr eci si on machi nery and el ectric and el ectronic equi pnent. "Since resin
-2- r (gedt orustyt e dpmamdatfoxoresBtPrsymadevef | yaRriouk | xpainthdaso heen

get rusty, demand for rotators made of various resins has been

i ncreasi ng antreaging @andadyighaacousacy| basreeenrabsofregwired of rsmch ors

in these years. Usually, such rotators are 5 preferably nolded so as to

uni fy their mtdtodsodn ithelsediyegrs. Usuahkyfi sugh tnobadonst iagmg 100 % of

(PO 5 preferably molded so as to unify their whole body including a
shaft.for transmitting 100 % of power.

Heretofore, attempts have been made to mold a shaft-
unified type rotator by ordinary injection molding methods.
However, when a rotator is molded in a unified bodylaccording

10 to these methods, thick-walled parts are often produced
partially in the resultant molded article to enhance the
deformhtion such as sink marks, warpage and deflection of the
resin. Consequently, the rotator tends to deteriorate in its
dimensional accuracy such as cyliﬁdricity and coaxiality.

15 _ .For improving the conventional injection molding
methods, Japanese Patent Application Laid-Open No. 208460/1993
and DE Patent Publication No. 3835964ldisclose an improved
injedtion molding méthod for preparing a hollow molded article.
This method comprises injecting a molten resin so as to leave

20 a non-filled part and charging a pressurized gas into the
resin so as to spread the resin into the non-filled'part with
a mold capable of forming a resin roller in a body.

Since the mold used in this method has a charging
port for a preséurized gas in a cavity, traces of the charged

25 gas remain at the part where the supply pipe is furnished.

! Therefore, a process for cutting off the traced part is
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Fbretéfore, attenpts have been made to nold a shaft- . unified type
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parts =are often produced partially im3fhe resultant nolded article to
enhanc® t he deformati on such as sink marks, warpage and defl ection of
t he resin. Consequently, the rotator tends to deteriorate in its

di mensi onal reguired afker dheymalded @nmbicded isosrkegni eyt frem the mold. For
i mproving the conventional injection nolding met hods, Japanese Pat ent
Appl i cati on Farthepenshuce 208260ity098 arranged DE Pheemol@usdithat drheNo.
3835964 di scl ose an i nproved injection nolding method for preparing a
hol | ow nol deaxas tof|€he cavithhimayrdehddrigoptadesthej wallnghickmes®is esin
so as to leave 20 a non-filled part and charging a pressurized gas into

t he r eshard ot@asbé¢ cursifaxml irhe reiss-sectivhevaohifal | td the taxis rof

a nold capable of formng a resin roller in a body. Si nce the
mol d used i nthéimodédicalrthislen. cRergrrddngly, Phetmdébded qurteksies imveghad n
a cavity, traces of the charged 25 gas remain at the part where the
supplé pi pe mény Usrobhems such thHer efheyedoanptohase tertaintfumcuidndg fof
traced part is .

rotators, since the centers of gravity and the shaft of the

molded articles do no agree- and their dimensional accuracy is
poor.

10 Further, Japanese Patent Application Laid-Open No.
108558/1995 discloses a method for preparing a rotator by
hélloﬁ injection molding with a mold having a structure
wherein a cavity is arranged.so that the axis of the rotatof
may be vertical, and é gate and ah entrance for a pressurized

- 15 gas are equipped at the bottom of the cavity.
The mold employed in this method has an entrance for
a pressurized gas at the intersection of the axis of the
rotator and the boétom of the cavity. However, the gate for a
resin is arranged apart from the entrance for the gas so that

20 it is difficult to inject a resin into the cavity under a
uniform pressure. Accordingly, the wall thickness of the
resultant rotator becomes ununifprm around the gate. Since
the entrance for the pressurized gas is arrangéd at the
intersection of the axis of the rotator and the bottom of the

25 cavity, it is difficult to take out the resultant rotator from

the mold, and sometimes the gas may leak from the entrance for
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- 3 -l' required after the nolded article is taken out fromthe nold.

Furth@g, since a cavity is arranged in the nold so that the axi s of
the cavity may be horizontal, the wall thifkness S hard to be uniform
in a oross-section vertical to the axis 6f*~ 5 the nolded article:
" Accordi.ngly, the nolded articles have had many probl ens such that they
: do not have certain functions of rotators, since the centers of
“gravity and thee gamfat efolidimg or thel gegakeri mapsdeforns wherecltanis thaken
di nensi onal accuracy is poor. 10 Further, Japanese Patent
Appl i cati on duat dExgrertido . mold. ~ 108558/ 1995 di scl oses a nethod for preparing
a rotator by hol | ow i njection nolding with a nold having a structure
wherein a cavity is arranged so that the axis of the rotator may be
vertical, and a gate and an entrance for a pressurized 15 gas are
equi pped at piechesuwreobft khearavrention The nol d enpl oyed in
this method has an entrance for
5 - The present invention is to provide a method for

preparing a shaft-unified type resin rotator having a hollow
part in the inside, which method comprises arranging a mold
having a gate equipped at the intersection of the axis of the
rotator and an edge surface of a cavity so that the edge

10 surface having the gate may be the bottom of the éavity-and
the axis may be vertical, and carrying out hollow injecﬁion
molding.

The terﬁl“metﬁod fﬁr hollow injection molding” in the

present invention means an injection molding method for

15 produéing a hollow molded article which comprises charging a
pressurized fluid into a molten resin while or after the
molten resin is injééted into the cavity of a mold. The
volume of the moltén resin injected into the mold reduces as
the resin becomes cooler and harder. In an ordinary injection

20 "~ molding method, a secondary injection pressﬁre {supplementary
pressure) is generally applied to supplement a reduced volume
of the resin. However, the effect of £he secondary injection
pressure cannot be obtained after the sealing of the gate |
because the resin at the gate is solidified.

25 On the other hand, in the hollow injection molding

method, it is possible to press a resin against the cavity



a pressurlzed gas at the intersection of the axis of the rotator and

t he botton1of the cavity. However, the gate for a resin is arranged
apart-fromthe entrance for the gas so that 20 it is difficult to inject a
“resinz#nto the cavity under a uni f ormPpr essure.. Accordingly, the wall

t hi cknmgss of the resul tant rotator becones ununiform around the gate.
Si nce the entrance for the pressurized gas is arranged at the

i nt er secti onsatfabe while o$upplrementtaing tdred vidimmeotredwcafionhby 2hargimdya
it is difficult to take out the resultant rotator from - the nold, and

soneti mes t hprgasuphyedefkuidointdca amiltacaesin. Therefore, a molded
- 4 - the gas at nolding or the rotator may deformwhen it is taken

out fromtheagdlidle havinghigh cdittiensiforidle aorutaicyoran be obtained. The
present invention is to provide a nethod for
representative example of the method for hollow injection
5 molding is disclosed in Japanese Patent Publication No.
14968/1982.

The term “pressurized fluid” in the present invention

means a fluid which is used for forming a hollow in a molded

article. The present invention employs a fluid which is
10 gaseous or liquid at 23° C under an atmospheric pressure, and

which is not reactive to or compatible with a molten resin to
be used for molding at the injection molding temperature and
pressure. Examples of such fluids includé nitrogen, carbon
dioxide, air, helium, neon, argon, glycerin and liquid

15 paraffin. A pressurized gas is generally employed. An inert
gas such as nitrogen, helium, n;on and argon is especially
preferred. From thé viewpoint of economy, a nitrogen gas is
preferred for industrial application. These fluids usually
contain impurities.

20 The term “cavity” in the present invention means one
of the concavities on a mold parting face, where a resin is
injected and a rotator is obtaihed when the holding process
completes.

The terﬁ “vertical direction” in the present invention

25 generally means a gravity direction.. In fact, however, it is

practically difficult to set a mold in a molding machine so



preparing a shaft-unified type resin rotator having a hol | ow part in
the inside, which nmethod conprises arranging a nold havi ng a gate

equi pped at the intersection of the axis of the rotator and an edge
surface of a cavity so that the edge 10~drf ace havi ng the gate may be the
"~ bottom.of the cavity and the axis may be vertical, and carrying out

- holl ow i njection nmol di ng. The term "nmet hod for holl ow

i nj ecti on mihditn¢hei axtibeof a mpldednartiokatmayn bears the iegasdtliyon nol di ng
met hod for 15 producing a hollow nol ded article which conprises charging a
pressuri zed vidrtiidalnddiraceibnen Imstie Wrdsems iafvemtibing if ismbten resin
Is injected into the cavity of a nold. The vol unme of the nolten resin
i nj ected i ntneddssai® dor agwangeas cavityhso relsatn e awis oblemoddedhar der .
In an ordinary injection 20 nolding nethod, a secondary injection pressure
(suppl ement aticle makepeUBEritslgeneraital appl imil tas Spplaeniresinedaned

vol une of the resin. However, the effect of the secondary injection
pressur es CambeouniFophill g Bﬁﬁggiiéarihb@ Rl ¢cagi©f frm Gdiee gate teedhaseophe
~resin at the gate is soliditied. 25 On the other hand, in the

hol [ ow i nj eglfl @heM@aYiRY. The cavity is arranged preferably within 20
degree—angle-from the vertical direction, more preferably
within 10 degree-angle from the vertical direction.

When a cavity is arranged so that the axis of the -
10 rotator may be vertical, jetting hardly appears in the
resultant molded article. The term “jetting” means that

meandering marks remain in a molded article due to a
meandering of a resin at the beginning of injection.
The hollow injection molding of the present'invention
15 is carried out by combining a conventional injection molding
machine aﬁa an apparatus for charging a pressurized fluid.
The apparatus for cbarging a pressurized fluid is.the one for
introducing a pressurized fluid under pressure through a
supply pipe into a molten resin in the mold after the
20 injection of the molten resin; and keeping the pressure of the
fluid for a predetermined period. There is no limitation on
methods for introducing a fluid under pressure as long as the
fluid is introduced into the molten resin in a cavity.
Examples of such methods include a method comprising keeping a
25 fluid preliminarily compresséd to a high pressure in an

accumulator and introducing the highly pressurized fluid into



met hod,” i t
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is possible to press a resin against the cavity

surface whil e supplenenting the volune reduction by charging a

pressurized fluid into a nolten resin. Therefore, a nol ded article
havi ng hi gh di nensi onal accuracy can be obfzi ned. A representative
- exanple of the nmethod for hollow injection 5 nolding is disclosed in
Japanese Patent Publication No. ~ 14968/ 1982. The term
"pressuri zed fialitén iresite thmawght ai supplyopipe, andaasmethodiabmprisings
used for formng a hollow in a nol ded article. The present invention
enpl oys a fleontivhicdsly introgiwed mgs aopredgterdmane 3amoun€ e derfland

at nospheric pressure, and which is not reactive to or conpatible with
a nol ten resintd @ moltdie megsdich Whiileopdesguaizihe byjcpumm. nahei dguid

t enperature and pressure. Exanpl es of such fluids include nitrogen,

car bon
paraffin.
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¢ Wdl&chattded Falon@nynpolintabgothe GhoTdras Fowy lasd highly
A pressurized gas is generally enployed. An inert
pressurized fluid can be injected into a molten resin. For
example, the fluid may be charged from a nozzle of a molding
machine (hereinafter simply referred to as a nozzle), a sprue
or a runner of a mold (hereinafter simply referred to as a
sprue or a runner, respectively). When a pressurized fluid is
introduced from a nozzle, a sprue or a runner, the fluid
passes through the center of fhénéate and reaches a cavity to
form a hollow in the center of a molded article. As a result,
there is obtained a rotétor which has good roundness and
cylindricity whose gravity substaﬁtially coincides with the
axis of the rotator.

A hollow molded article can be obtained by charging a
pressurized gas from a charging port arranged in a cavity. In
this case, however,!a fesin wall is not formed at the charging
port. Accordingly, the shape around the port becomes
unsymmetrical as shown in Fig. 1 so that the resin does not
uniformly contract after the injection. Then, there may
unpreferably cause deterioration of dimensional accuracy such
as roundness and increase in run-out.

In order to form a hollow in a molded article
effectively, the pressurized fluid is charged into a molten

resin in the mold preferably under 20 to 300 kg/cm’, more
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gas sych as nitrogen, helium neon and argon is especially preferred.

From t;he vi ewpoi nt of econony, a nitrogen gas is preferred for

i ndustrial application. These fl uids usualby contain inmpurities. 20
- The term"cavity" in the present invention”means one of the

concavities on a nold parting face, where a resin is I njected and a

rotator i s obtained when the nol di ng process conpl et es.

The term "vepxefagabliy &e ith"25h kd/&mir esent i nvention 25 general |y means

a gravity direction. In fact, however, it is practically difficult to

set a nmold in a nol dafgerachangisg the pressurized fluid, the pressure in

- 6- that the axis of a nolded article may be in the exactly

vertical di rachoéobbow pattanygstedentkepty diori anpretietermined periedessbily to

arrange a cavity so that the axis of a nol ded article may be strictly

vertical as thagresim 1®lgwhficidntlyacooled and solidified. In order to
5 forﬁ a hollow in a molded article effectively, the pressure of
the charged fluid is kept favorably for 5 to 120 seconds, more
favorably 10 to 60 seconds.

‘The size of a molding article is easily adjusted by

controlling a fluid pressure and a period for keeping a fluid
10 pressure.

A hollow part is formed by selective going of a
pressurized fluid injected into a molten resin through
unsolidified parts of the resin. Accordingly, the charge of
the pressurized fluid must start ﬁithin_lo seconds, preferabiy

15 5 seconds, after the finish of injection. The molten resin
starts to be cooled and solidified from the side contacting to
the surface of the cavity if the fluid is charged more than 10
seconds after the injection of the resin. This makes it
difficult to form a hollow in a molded article: Consequently,

20 the effect of a pressurized fluid such as transfefability of a
mold is not fully obtained.

Thermoplastic resins are generally used as a resin
employed for the hollow injection molding method of the
present invention. Examples of thermoplastic resins to be

25 used in the present invention include a polyethylene, a

polypropylene, a polystyrene, an ABS resin, a polyvinyl



5 be,uniformy supplied into the cavity fromthe gate to the top of
the cavity. The cavity is arranged preferably w thin 20 degree-angl e
fromthe vertical direction, nore preferably within 10 degree-angle
from tshe vertical direction. - Wen a cavity is arranged so
that the axis of the 10 rotator may be vertical, jetting hardly appears
in the resultant nolded article. The term"jetting" neans that
nmeander i ng nehkerideni a polyamidelepalvaastaldue polycarbongsgndar magisied
resin at the beginning of injection. The hol Il ow i njection
nol di g of t pelpphenylenavethenn a Polyethydeneedegephivhadstsinfng a
conventional injection nolding machi ne and an apparatus for charging a
pressuri zed pbliybutylene Therepipchalate ,f @ poilyphenylengr sudfiitdeedaf| uid is
the one for i ntroducing a pressurized fluid under pressure through a
supply pipe pblgimide|t&npobpamiden inielayipblyletttiert hmid2) ai ppiyarphateé,t he
nolten resin, and keeping the pressure of the fluid for a

pr edet er g ned ?@lygﬂlfah@;eaipblyeﬁﬁéﬁtsﬂmﬁmmeqna polyeehbrmdthépketone, a
introducing a flurd under pressure as long as the fluid is introduced
into the nol 1egui@sStfystaBlinyitesin, a polyteiteafluozvebhyitehedandnal ude a

nmet hod conpri sing keeping a
thermoplastic elastomer. Any thermoplastic resin can be
employed as long as ordinary injection molding is carried out.
Especially, a polyacetal and a polyamide are excellent not
10 only in heat resistance and mechanical properties but also in
tribological properties; they are often used as a material for
a rotator and mechanical parts other than a rotator.
Therefore, they are preferably used in the present invention.
Further, thermosetting résins can be also employed.
15 | The thermosetting resins usable in the present invention
include a phenol rein, a urea resin, a melamine resin and-an
epoxy resin.
Since the moided article of the present invention has a
hollow in its inside, an organic or inorganic filler can be
20 Dblended, if necessary, with a resin to be used for the purpose
of improving heat resistance, mechanical strength and other
properties. Preferred examples of fillers include reinforcing
fillers such as glass fibers, carbon fibers, metallic fibers,
aramid fibers, potassium titanate, asbestos, silicon carbide,
25 ceramics, silicon nitride, barium sulfate, calcium sulfate,

kaolin, a clay, pyrophyllite, a bentonite, a sericite, a



25 flLuid prelimnarily conpressed to a high pressure in an
accunulator and introducing the highly pressurlzed flurd into

-7- <. anolten resin t hrough a supply and a nethod conpri sing
continuously introducing a predeterm ned 5 unt of a fluid into a
nolten,resin while pressurizing by a punp. The fluid can be charged

fronlany point of the nold as long as a highly 5 pressurized fluid can be
i nj ected | nzeodifel,t enmigsi, nnephelite, wakeplattaprlaitg d wedylassosrsrged
froma nozzle of a nolding machi ne (hereinafter sinply referred to as
a nozzle), =slagr ddbers, ar farrimeercalciumosilidatei Elicdmumsicagbpnaseer r ed
to as a sprue or a runner, respectively). Wen a pressurized fluid is
10 i nt r odumedmniesduma canbohatea dplomive, &inimaxiddye tilhandum oxigesses
through the center of the gate and reaches a cavity to forma hol | ow
in the cent aagdlesdumdbstédedr ircheoxide o mekylidenum disuldiidlel,s graphiited a
rotator which has good roundness and cylindricity whose gravity
subst ants al lgypeaim)ciglasswbehdsheglass powders, glass balloons, quartz and
quartz glass. The reinforcing fillers may be hollow. They can
be used individually or in combination, and may be pretreated,
if desired, with a coupling agent such as silane-type and
titanium-type coupling agents before use. When at least one
10 among carbon fibers, metallic fibers and graphite is chosen as
a filler, the electric resistance value of the resultant
molded article per se is reduced. Therefore, the resultant
molded article can be preferably protected from attaching fine

powder such as dust.

15 The term “hollow” in the present invention means a
space formed in a molded article. It is different from a void
and a cell formed by a foaming agent.

The term “rotator” means a functional part having one
or more shapes required to exert a function by revolving on an

20 axis of the shaft at any part on the axis, such as a gear, a

pulley, a pulley groove, a clutch, a roller, a cam, a cam
groove, a key groove, a plt and a notch, and mechanical parts
including them.
Hereinafter, preferred hollow injection molding
25 methods in the present invention will be described in detail.

As a first method, there can be given a method for



15 axi's of
obt ai ned by

in a cavity.

char gi=ng

unsymmetrica

the rotator. A hol | ow nol ded article can be
charging a pressuri zed gas froma charging port arranged

port. Accordingly, the shape*around the port becones 20

contract after the injection. Then, there may unpreferably cause
deteriorati mbt@nndmgeasho&&bWamllda@yas’emle by injeumthas FOIten Fesdase

in run-out.
effectively

In order to forma hollowin a nolded article
Airttoe aprcaydtyi sedas| tiodleave haraea-fikled pasit énd chargdsgnain

the nold preferably under 20 to 300 kg/cnferr], nore

- 8 -
t he pressur

presfsairdiied FQutid 2hGokghenfesin.to spread the refiertochdegi ng
i zed fluid, the pressure in a hollow part nust be kept fo

a predet er ninggd fiidniead paftti (e.g., Japanese Patent Application Laid-Open
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No. 208460/1993 mentioned above). In this method, it is
preferred to inject the resin in an amount of 50 to 90 %, more
preferably 60 to 80 %, of the volume of a cavity.

As a second method, there can be mentioned a method
for hollow injection moldiﬁg which comprises charging a
pressurized fluid into a molten resin while injecting a
predetermined amount of the molten resin into a runner and the
like, wherein injection of the resin and charge of the fluid
into the cavity are completed at the same time.

According to the above mentioned method, so-called “a

co-injection method”, a hollow molded article can be obtained

without stopping a flow of a resin; therefore, hesitation
marks can be preven?ed. Fﬁrther, a hollow ratio can be
adjusted by an injected amount of a molten resin. This method
is effective in hollow molding with a mold in which it is
structurally impossible to arrange an additional cavity.

The term “hesitation mark” indicates fine annular

concavities and convexities appearing on the surface of a
molded article. Hesitation marks appear at a boundary part
between a resin part solidified when a molten resin is
injected and a resin part solidified when a pressurized fluid

is charged. This phenomenon tends to appear on a hollow

I n this case, however, glresin wall is not fornmed at the

as shown in Fig. 1 so that the resin does not uniformy

25

r
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the resin is sufficiently cooled and solidified. In order to 5 forma
hollow in a nolded article effectively, the pressure of t he charged
fluid-i,s kept favorably for 5 to 120 seconﬁs, nor e favorably 10 to 60
secondads. The size of a nol ot g article is easily adjusted by
controjling a fluid pressure and a period for keeping a fluid 10
pressure. A hollow part is forned by selective going of a
pressuri zed ridlided iantdctied obtadnadnbyt @nhokiow injecikion moldimgpmedhoded
parts of the resin. Accordingly, the charge of the pressurized fluid
must start wdnprisliigsehengteppr efeinfbytiig a Smekoemdsesiaf tser asheéof i ni sh
of injection. The nolten resin starts to be cooled and solidified

fromthe sidesentaasidnigillded parthénsaréaettpfandespredding fehehaeklini doi s
charged nore than 10 seconds after the injection of the resin. This

nmakes it theliddni-Fulitl do phetbg Betiedihg thentéieth aditiclchargimgequent |y,
20 the effect of a pressurized tluid such as transferability of a

~mold is got drddshralicd Tdid into the residhernoplastic resins are
‘ generally used as a resin enpl oyed for the hollow injection nolding
- method of the In a co-injection method, a pressurized fluid is
preferably charged within 20 seconds; more preferably 10
seconds, ‘after the injection of the molten resin.
As a third method, there is given a method comprising
10 injecting a molten resin so as not to leave a non-filled part
in a cavity, and chafging a pressurized fluid into the resin
after the injection of the resin with a mold havihg an
additional cavity linking to a cavity. This molding method is

generally called “a full-shot method”.

15 In the full-shot method, a hollow part is formed by
charging a pressurized fluid in an amount supplementing the
volume reduction of the molten resin so that the hollow part
has only the volume equal to the volume reduction of the
molten resin. To form a hollow part having a larger volume,

20 Japanese Patent Application Laid-Open No. 121820/1991

| discloses a method wherein a mold having an additional cavity
is employed.
The term “additional cavity” means a space where a
part of a molten resin in a cavity is forwarded when a
25 pressurized fluid is charged into the resin. A hollow ratio

of a molded article is easily controlled by adjusting the



preségf I nvention. Exanples of thernoplastic resins to be 25 wused in the

present invention include a polyethylene, a pol ypropyl ene, a
polysfyrene an ABS resin, a polyvinyl

9 - chloride, a polyanide, polyacéBal, a polycarbonate, a nodified
polyphenylene et her, a polyethyl ene terephthalate, a pol ybut yl ene
terephthal ate, a polyphenylene sul fide, a pol yi m de, a pol yam de
i m de, pol yeidiaimd Bflahen aadixdonkdt eavitd. a Tioly sddaiona pelwieyhes
sul fone, a pol yet heretherketone, a liquid crystalline resin, a
pol ytetraf | uIRetdNgIRARE G dhe twol hetHBakafiéhEichadt MB¥e MY a method
thernoplastic resin can be enpl oyed as long as ordinary injection

ol di ng is G 'HeLGhelioned beEReci ally, a polyacetal and a polyanide are
excellent not 10 only in heat resistance and nechani cal properties but

al'so in tribol oghcal ri PPERSE %uéwmﬁéatq&%dmﬂgaﬁeehaateé for
a rotator and nechanical parts other than arotator. Ther ef or e, ey
are prefgreﬂgﬁ/d&aﬁi idhaih@aRfi®$eNh bAYENLEOCR: pressurized fluid flows into
the passage between the cavity and the additional cavity so
that a hollow pért continuing from a hollow part of a molded
article is formed in the additional cavity according to
molding conditions and the volume of a cavity. As a result,
10 there is obtained a molded article whose hollow part along the
axis has the same length as the whole length of the molded
article along the axis. A difference of cooling periods
between the outer surface and the inner surface of the molded
article becomés small since the wéll of the molded article is
15 thin; as a result, the resin of the whole molded article
uniformly contracts. An additional cavity is preferably
arranged abbve a cavity, and linked with the cavity by a
passage which is ar}anged from the top of the cavity along the
extension line of the axis. When a mold equipped with é gate
20 and a passage along the extension line of the axis of an
article to be molded is_employed, a hollow part is preferably
formed along the axis and the wall thickﬁess of the resultant
molded article is uniform.
In order to let the pressurized fluid flow into the
25 additional cévity more certainly, the volume of the additional

cavity is preferably 20 to 60 %, more preferably 30 to 50 %,



Furtﬁgf thernosetting resins can be also enployed. 15 The thernpsetting

resins usable in the present invention I ncl ude a phenol rein, a urea
resin, .a nelam ne resin and an epoxy. resin. Si nce the

nol ded-article of the present invention a hollowin its inside, an
organit or inorganic filler can be 20 blended, if necessary, with a resin
to be used for the purpose of inproving heat resistance, mechani cal
strength andfothervolumepoﬁparcatstyFWGmemreueeﬂa&pmesoﬁfthela@dstlanahde
rei nforcing fillers such as glass fibers, carbon fibers, nmetallic
fibers, ca®tiglyi dsf ebets, 6potassitinat |d’.faraat<mvza§gbesat amtisi btcshecar bi de,
25 ceramics, silicon nitride, bariumsulfate, calciumsulfate, kaol'i n,

a clay, pyrQémjlthl b€, adhbENOWNpaLt &lowy itlid @xid to the whole length of .
-10- zeolite, a mca, nephelite, talc, attapulgite, wollastonite,
slag fibersg acherdi heti6abCchudhgithe aifis cal GuBcanonat e,
5 Further, it is preferable to equip a shut-off valve

on a passage linking a cavity and an additional cavity. The
term “shut-off valve” means a structure capable of optionally

separating and linking the cavity and the additional cavity.
The following is a concrete example how to use a
10 shut-off valve. Firstly, a molten resin is injected into a
cavity so as to leave a non-filled part with a shut-off valve
close. Since an additional cavity is separated from the
cévity at this time, the molten resin is intercepted from
flowing into the.additional cavitf by an injection pressure.
15 Consequently, a transferability is ensured because a molten
~resin is fully pressed against the entire cavity wall surface.
Then, the cavity and the additional cavity are linked after
the pressurized fluid begins to be charged into the molten
resin. As a result, a hollow part whose length along the axis
20 direction is 80 % or more of ﬁhat of the molded article is
formed.

A shut-off valve is opened preferably within 0 to 10
seconds, more preferably within 0.5 to 5 seconds, from the
beginning of the charge of the pressurized fluid. This is

25 Dbecause it is necessary to spread a part of the resin injected

into a cavity before the resin is cooled and solidified.



magnesi um carbonate, dolonite, zinic oxide, titanium oxide, magnesi um
oxi de,: iron oxide, nolybdenum disulfide, graphite, 5 gypsum gl ass beads,
gl ass. powders, gl ass ball oons, quartz and quartz gl ass. The
reinfercing fillers may be hol | ow. They‘c%% - be used individually or in
conmbi mation, and may be pretreated, I f desired, with a coupling agent
such as silane-type and titaniumtype coupling agents before use. Wen
at least one 10 anring startbaff ivadve cant bel drivebewithnanyrppimaxyi s
chosen as afiller, the electric resistance value of the resultant

nmol ded arti drdveesush as andoikdcylimderf cif, thdeprrigsmutyt ditive is capdbile
article can be preferably protected fromattaching fine powder such as
dust. 15 of adjustIhg aadnsébeihgwthé ntimimgrizse mirivingntihen vadsesby a
space forned in a nolded article. It is different froma void and a
cell fornedghynalfl ¢athn@nagfiféction molding macdhinhd &yima' igeisaichiargingns a
functional part having one or nore shapes required to exert a function
by revolyi nggeniae. 20 axis of the shaft at any part on the axis, such as
a gear, a pull ey, a pulley groove, a clutch, aroller, a cam a cam

groove, a key grooveag & Prduriifl mbthMd;htherd ABChavefiah BE1l6w injection
molding method for producing a hollow molded article which
comprises injecting a resin into a part or the whole part of
the space between a nozzle and a gate, and charging a
10 pressurized fluid from a charging port arranged a£ a point'
closer to ‘a nozzle than the point to which an amount of the
resin required for molding is supplied;
The amount of a filled resin and the position of a
charging port are suitably decided depending on the size and
15 thickness of a molded article to be prdduced, the size of a
hollow part and others. The charging port is preferably
arranged at a closer point to the nozzle since it is easy to
secure an amount of!the resin to be injected into a cavity by
a pressurized fluid. It is also effective to enlarge volumes
20 of a sprue and a runner for ensuring the amount of a resin to
be injected. Fufther, after the pressurized fluid is charged,
the pressure of the fluid is preferably kept for a
predetermined period until the pressure of the fluid is
released.
25 According to this hollow injection molding method,

there can be obtained a hollow molded article having an



inclﬂgfng t hem : Hereinafter, preferred hollow injection
ol ding 25 nethods in the present invention will be described in detail.
As a fi.rst nmethod, there can be given a nethod for obt ai ni ng
a hol lzow nol ded article by injecting a nmot8en resin into a cavity so
as to-Jeave a non-filled part and charging a pressurized fluid into
the resin to spread the resin to the non-filled part (e.g., Japanese
Pat ent Appl iexetlldentaagpépeance Seen W8u60/ciy¥Galdrimeomes iabsueh. asnat hi s
method, it is preferred to inject the resin in an anount of 50 to 90
% nore pollyetetab! yeSint or88 fésid hdwinglaipamficalaealiyt high -
As a second nethod, there can be nentioned a nethod for hol |l ow _
. injection mergsraliizabionnpelsestghadup ngp & cohtainessdilled,flisid into a
nolten resin while injecting a ~ predeterm ned amount of the nolten
resin into ampibPed.anfuttiter, in l4Hés meitdiod,ninfeeetionnodf théeressnn and
charge of the fluid
5 into a cavity is carried out at a lower and more uniform
pressure at a more uniform speed compared to other hollow
injection molding methods since the entire resin is injected
into the cavity by a pressurized fluid. Therefore, it is
possible to obtain a molded article with less warpage. This
10 method is effective for producing a molded article having a
high hollow ratio when hollow injection molding is carried out
using a mold having a complicated structure, which does not
allow for equipping an additional cavity.
Figs. 2(a) to (c) show one of the examples of this
15 molding method. Fig. 2(a) shows an injection step of a molten
resin to fill a part or the whole part of a space between a
nozzle 10 and a gate 14 from a sprue 9 by a molding machine.
Fig. 2(b) shows a siep of charging a pressurized fluid from a
charging port (not shown in the figure) arranged on a nozzle.
20 At this step, the injected resin is extruded into a cavity to
subsequently form a hollow part in the resin. Fig. 2(c) shows
a step of maintaining a pressure of the fluid for a certain
period, e.g., for 30 seconds. After this step, the pressure
of the fluid is released.

25 Also in this method, a shut-off valve may be equipped

between a nozzle and a gate. For example, at the step of



intonzhe cavity are conp]eted at the same tine. _ o According to
t he ahove nentioned nethod, so-called "a 15 co-injection nethod”, a hollow

nol ded.article can be obtained wi thout stopping a flow of a resin;
t herefore, hesitation mar ks can be pﬂQVented. Further, a hollow ratio
can bé adjusted by an injected anount of a nolten resin. This method

is effective in hollow nolding with a nold in which it is 20 structurally
i npossi bl e tinjectding aresddi tinkwala canney, the shut-off vdleetismm
"hesitation mark" indicates fine annul ar concavities and convexities
appear i ng orantengad faacehef ranner owohtied botndary bietuden ithe NRUdde RREAr
at a boundary part between a resin part solidified when a nolten resin
is 25 injeattedanitys teepireventt thel rdsinefrohefl owpng stntd zatk fddvity
is charged. This phenonenon tends to appear on a hollow _
-12- oy ddbsArlg dhe @lalsvenedrheny 4igs | ity egld Yha™h@ineg &eghod
5 linked by opening the valve within 10 seconds after the charge
of the pressurized fluid. When a resin having a high
crystallization velocity is employed, a molded article having
a good appearance is preferably obtained every shot by
arranging the shut-off valve on the runner.
10 Further, in any of the hollow injection molding
methods of the present invention, a single or a plurality of
the corners at a gate land and boundary parts between a shaft
and a roller is preferably removed.

The term “corner” means a corner on the inner surface

15 of a cavity or the outer surface of a molded article in cross-
sectional views of the cavity and the molded article,
respectively. Such corners include a corner 15 near a gate
land 13 shown in Fig. 3(a), a corner 15 at a boundary part 16
between a shaft and a roller shown in Fig. 4(a), a corner 15

.20 at a boundary part 16 between a shaft and a gear shown in Fig.
4(b), and a corner 15 at a boundary part 16 between a shaft
and a cam shown in Fig. 4(c), and, in addition, a corner at a
boundary part between gears.
In the hollow injection molding, when a fluid
25 charging port is arranged between a nozzle and the gate, a

pressurized fluid passes through the gate to reach the cavity.



conpfgéing the steps of injecting a nolten resin so as to  leave a
non-fi-lled part in a cavity and spreading the resin to the non-filled
part -by extruding the resin with charging ﬁ‘ 5 pressurized fluid into the
resin.: : ~In a co-injection ne} od, a pressurized fluid is
~ preferiably charged within 20 seconds, nore preferably 10 seconds,
after the injection of the nolten resin. As a third nethod,
there is givien thimeidase,csingr isjagtedoresipceri ard ARG FIRHOXDEE as not
to leave a non-filled part in a cavity, and charging a pressurized
fluid into thexrdlgsisustainsafther pregsinpeefi bheoflukd andiys wasily nol d
havi ng an additional cavity linking to a cavity. This nolding nmethod
is genaxxtirtuderhltcemrds thel tdpocfnth@ofluidi5As a result,nthhs-
full -shot nethod, a hollow part is fornmed by charging a pressurized
fluid in anwailed pamys arentforgetihon and avbuné theketdarnearfs thive asol t en
resin so that the hollow part has only the volune equal to the vol une
reducti op ofsHdwn in Figsl.t 8{aneand. (b¢.f Sometimdd owheapressuriged fimidr
volune, 20 Japanese Patent Application Laid-Open No. 121820/1991
di scl oses a 1@ ErWieaziound fhiedcbaneny Comskudmily, stably production

of molded articles having a desired shape cannot be often
achieved. Even if a molded article having a desired shape is
obtained, its dimensional accuracy becomes poor since the

10 effect of a pressurized fluid cannot be fully obtained.
Further, there is a possibility that the molded article is
deteriorated due to insufficient thickness of the resin wali.

The corners of the cavity are removed by, for
instance, radiusihg or beveling.

15 The term “radiusing” means to finish the above corners
of a cavity so as to be a circular arc. Smooth-curves besides
arcs are also acceptable.

A case that the corner around the gate of a cavity is
radiused is illustrated with Fig. 5. Fig. 5 is a cross-

20 sectional view of a gate land along the axis of a molded
article. Numerals 7, 10, 13 and 14 indicate a cavity surface,
a runner, a gate land and a'gate, respectively.

Symbols A, B, D, E and F individually indicate a
point on the surface of a cavity. More precisely, A indicates

25 a point on a cavity surface on the gate side; B and D

individually indicate an intersection of the surface of a



Al

i s enpl oyed. The term "additional cavity" nmeans a space where

a - part of a nolten resin in a cavity is forwarded when a 25
pressurized fluid is charged into the resjn. A hollow ratio of a
nol ded article is easily controlled by aﬁ*%&ting t he

-13- - vol une of the additional cavity. This additional cavity is

al so enployed in the two nethods nentioned above and a net hod to be

nenti oned brhdimsed corner and the ssyxfaceipfi e Cavity] o8 the #8t8i ng
met hod usi ng 5 an additional cavity, a part of a pressurized fluid flows

into t BédpasBajgodhbeatesnatbeurdary petweaha gatie ilengdl asdy it §psue
that a hollow part continuing froma hollow part of a nol ded article
is fornmed i ort banaddi bfcaahotdvity according to nol di ng condi ti ons and

the volune of a cavity. As a result, 10 there is obtained a nol ded
article whose hol | owhgartaddlusegl toener ofari salasyt he shomen | BmdgEigass he
whol e | ength of the nol ded

5 The radiused corner exhibits its effect when Te satisfies the

relationship defined by the following formula:

0.l mm = Te < (/ 2-1) X Gt

wherein, in Fig. 5, Gt represents the'length of segment CE (C
is an intersection of segment AB and segment DE); and Te

10 represents the length of segment CF (F is an intersection of

the surface of a radiused corner and the bisector of ZACE).

The above relationship is not limited to the shape of
the gate part shown in Fig. 5, and it can be adopted to other
shapes of a gate part.

15 ~ When Te is less than 0.1 mm, effects on prevention of
leakage of a pressﬁrized fluid and improvement in strength of
a molded article are not sufficiently exhibited. Preferably,
Te is 0.5 mm Or more. As Te becomes longer, a more sufficient
effect is obtained. However, it is necessary to arrange Te

20 within the above range in view of easiness at gate cut and the
appearance of the corner after gate cut.

| Fig. 6 is an example of a radiused corner at a

boundary between a shaft and a roller and the like. Fig. 6
shows a part of the cross-sectional view of a cavity along the

25 axis of a molded article having a shaft and a roller. Symbols

L, M, O, P and Q individually indicate a point on the surface



article along the axis. A difference of cooling periods bet ween t he
outer-surface and the inner surface of the nolded article becones
smal |- si-nce the wall of the nolded articlg,is 15 thin; as a result, the
resinsof the whole nolded article uﬁggﬁrn1y contracts. An additional
~cavity is preferably arranged above a cavity, and linked with the

. cavity by a passage which is arranged fromthe top of the cavity al ong
" the extefnsl @aviiitiye whbseheoares. isheadinsedd dquithdsderpmple,gate 20
and a passage along the extension |ine of the axis of an article to be
fol ded i s eqpefierdible hangewfpar radiupiegea apdyner is feppnassedody the axis
and the wall thickness of the resultant nol ded article is uniform

I n order to fildfldwiaigorfoxmliased fluid flowinto the 25 additional cavity
nore certainly, the volume of the additional cavity is preferably 20
10,00 % morgy prefof a s 3g'R 39721)/2 X (T2-11)

5 in the case of 5 mm = T2-T1 = T3X2 ; and
by 0.4mm = Tg = (/ 2-1) X T3
in the case of 5 mm = T3X2 = T2-T1;

wherein, in Fig. 6, Tg represents the length of segment NQ (N
is an intersection of segment LM and segment OP, and Q is an

10 intersection of the surface of a radiused cormer and the

bisector of ZLNP); T3 represents the length of segment LN; T1

and T2 represent diameters of a shaft part and a roller part,
respectively, when both parts are shaped in cylinders; T1
and/or T2 represents the diameter of a pitch circle when both
15 or either part is shéped in a gear; and T1 and/or T2
represents the smallest diameter of a cam when both or either
part is shaped in a cam.
The above relationship.is not limited to the shape of
the cavity shown in Fig. 6, and it can be adopted to other
20 shapes of a cavity.
When Tg is less than 0.4 mm, effects on prevention of
leakage of a pressurized fluid and improvement in strength of
a molded article are not sufficiently exhibited. Preferably,

Tg is 0.5 mm or more. As Tg becomes 1onger,'a more sufficient



Py

of the volune of a cavity. \Wien the volume of the additional . cavity is

20 to 60 % of that of a cavity, a ratio of the | ength of a holl ow part
al ong ‘t-he axis to the whole | ength of a nolded article along the axis
is 80 10 100 % 5 Furt her, i 21 preferable to equip a shut-off
val ve * on a passage |linking a cavity and an additional cavity. The

term"shut-off val ve" nmeans a structure capable of optionally

separ ati ng affddatnkisnghtenedici t Howeder heitadis tneragsaryyitto) arrange Tg

The following is a concrete exanple howto use a 10 shut-off valve.
Firstly, a mnuoltihein ridss rabove mangeedn ntiewaof eastness yats ogaise tamt ey the
non-filled part with a shut-off valve cl ose. Since an additional
cavity i s seyppedmthde @f e cornerawiftgragatbisutine, the nolten resin is
i ntercepted from flowng into the additional cavity by an injection

pressure. - 15 Conseghantbym hdvlisig’ MBhhs! ¥ol BeSTS0E Sthd SR Hgm! ten
resinis fully pressed against the entire cavity wall surface. Then,

the cavity %{%%(#J%g’eﬁ%ﬁd n?}&%ﬁ%&&gﬁi%&'ﬂ@k&ﬂgﬂtSﬁrf%%e . t F%g:ﬁ Irifx?:%é%é?d

fluid begins arge resin
hol | ow part uhoss engtd s8] 919 the BL5suPPacd! SEHAELdosE) HhMad Y © ©f
corner around its gate is finished by.replacing the corner
with a plane having segment BFD.
The beveling of around the cornmer of a cavity is
10 illustrated with Fig. 7. Fig. 7 is a cross-sectional view of
a gate land along the axis of a moldea article, wherein
numerals 7, 10, 13 and 14 indicate a cavity surface, a runner,
a gate land and a gate, respectively. More precisely, A
indicates a point on a cavity surface on the gate side; B and
15 D individually indicate an intersection of the surface of a
beveled corner and the surface cavity on the gate side; E
indicates a boundary between a gate land and a sprue or runner

of a mold. A preferable range for beveling a corner is

expressed by the following formula:
20 0.1mm < Tf < (/ 2-1) X Gt
wherein, in Fig. 7, Gt represents the length of segment CE (C

is an intersection of segment AB and segment DE); and Tf

represents the length of segment CF (F is an intersection of a

surface the a beveled corner and the bisector of ZACE).

25 The above relationship is not limited to the shape of



f or med. _ A shut-off valve is opened preferably within O to 10
seconds, nore preferably within 0.5 to 5 seconds, fromthe begi nni ng
of the,charge of the pressurized fluid. This is 25 because it is
necessary to spread a part of the resin rﬁ?écted into a cavity before
the resin is cooled and solidified.

- 15 - The shut-off valve can be driven with any primry
drive such sheamgatid payt stewn fint Bégpr ¥ peand dit vean soe agsiapted to opher
adjusting and setting the timng for driving the valve by a si gnal
froman inj esdpes ofl & ateaparhe or a gas charging 5 machi ne.

As a fourth nmethod, there is given a hollow injection nol di ng net hod
for producing a hol | wnenorfleils arés<|tchamitcii mm, efdegtisses pnpeentignaof
resin into a part or the whole part of t he space between a nozzle and

:t ggt eé)i gtnd NGO a Prespueizedi Zedidl and fmprovemdrar gimgtrengthr odnged
P 5 a molded article are not sufficiently exhibited. Preferably,

Tf is 0.5 mm or more. As Tf becomes longer, a more sufficient
effect is obtained. However, it is necessary to arrange Tf
within the above range in view of easiness at gate cut and the
appearance of the corner after gate cut.

10 A case that a corner other than that around the gate
of a cavity, i.e., a corner at a boundary between a shaft and
a roller, is beveled is illustrated with Fig. 8. Fig. 8 is a
part of a cross-sectional view of a molded article having a
shaft part and a roller part aloné its axis. Symbols L, M, O,

15 P and Q individually indicate a point on the surface of a

cavity. A preferable range for beveling a corner is expressed

by the following formulas:

‘a) 0.4mm=Th < ([2-1))4 X (T5-T4)
in thg case of 5 mm < T5-T4 = H'.L‘6><2 H
20 b) O0.4mm = Th= (V2-1) X T6
in the case of 5 mm < T6X2 = T5-T4;

wherein, in Fig. 8, Th represents the length of segment NQ (N
is an intersection of segment IM and segment OP, and Q is an

intersection of a surface of a beveled corner and a bisector

25 of ZLNP); T6 represents the length of segment LN; T4 and T5



closer'to a nozzle than the point to which an anount of the resin

FGQUIFed for.nolding is supplied. The anount of a filled

resi n and t he position of a . charging_port are suitably decided

depending on the size and 15 thlckness‘gg a nolded article to be

produced, the size of a hol | ow part and others. The charging port is

~preferably arranged at a closer point to the nozzle since it is easy
to sec weprasar dibmeteriseofeai ahabt bparnjand eal Tokkem paxrti,t y by

a pressurized fluid. It is also effective to enlarge volunes 20 of a

sprue and a pespeetifveilysnwiennpotheparbsnarefskapediin taylinderss iM4j ected. -

Further, after the pressurized fluid is charged, the pressure of the
fluid is preimi/y Xd'.'SKQ@[prb@én&s the (lateter nofieal pitdloccimild whem pothsure
of the fluid is eased 25 According to this hollow

injection nydidianaat gt is shhpeseifas @ea@btmd\ecmaaml/b@wmm ded
article having an
: 5 represents the smallest diameter of a cam when both or either
part is shaped in a cam.

The above relationship is not limited to the shape of
the cavity shown in Fig. 8, and it can be adopted to other
shapes of a cavity.

10 When Th is less than 0.4 mm, effects on prevention of
leakage of a pressurized fluid and improvemenf in strength of
a molded article are not sufficiently exhibited. Preferably,
Th is 0.5 mm or more. As Th becomes longer, a more sufficient
effect is ob£ained. However, it is necessary to arrange Th

15 within the above range in view of easiness at gate cut and the
appearance of the corner after gate cut.

As explained above, removal of'corners can prevent a
thin-walled part frbm forming and reduce leakage of a
pressurized fluid. Therefore, molded articles can be stably

20 produced.

In the above injection molding methods, conditions
for molding an article is decided so that a hollow ratiog be
preferably 2 to 60 %, more preferably 15 to 50 %. When the
hoilow ratio is within this range, hollow injection molding

25 can be stably carried out so that the desired hollow shape is

easily formed; preferably, the resultant molded articles do



excel l,ent appearance even when a crystalline resin such as a
pol yacetal resin or a resin having a particularly high

vel oci'ty, due to a contained filler, is enpl oyed. Furth
. methody injection of the resin 5 into a%%vity is carried

crystallization
er, inthis
out at a | ower

and note uniform pressure at a nore uniform speed conpared to ot her
hol | ow I njection nolding nethods since the entire resin is injected
into the cavhboy bava poessappeaxchrideliakinger diesitationi marks apdsshél e to

obtain a nolded article with | ess warpage. This 10 nethod
for produci njikepobnédhave i gbed dimersional adaughciyall ow r at
I njection nolding is carried out using a nold having a

is effective
i o when hol | ow
conplicated

structure, which doegheothollow &altdw fier deqineilng e afisli Iowinn} foawiuly:
Figs. 2(a) to (c) show one of the exanples of this 15 nolding nethod.

Fig. 2(a) shows an i@kﬂﬁ%ﬁﬁ@a%ﬁ%p(gﬁ a Q?btg?lé %8 gezggxg)gg&agoprpart or

the whole part of a spac et ween noz n

om a

sprue 9 by a nol di ng nachi ne. Fig. 2(b) shows a step of charging a
pressuriZed fluid frdm &he aboyrafgraglperV rep¥esemvh the tvlumgygfep

arranged on a nozzl e.
hollow part when the hollow part is filled with t

he same resin

as the molded article; p represents a specific gravity of the

resin used; and M represents a mass of the hollow molded

article.

10 To obtain a hollow ratio satisfying the above

relationship, known methods are suitably employed. For

example, in the case of a full-shot method, a co-

method and the molding method fourthly described

injection

in the above, .

the satisfactory hollow ratio is obtained by adjusting the

15 volume of an additional cavity, the amount of a resin to be

injected, and the volume of a sprue or a runner and the amount

of a resin to be injected, respectively.

A ratio of the length of a hollow part along the axis

to the whole length of a molded article along the axis is

20 desirably 80 % or more, more desirably 90 % or more. Fig. 9

is an example of a molded article having a hollow part ratio

of 100 %, and Fig. 10 shows a cross-sectional view of the

molded article of Fig. 9 along its axis.

When a difference between the length of a hollow part

25 along the axis and the whole length of a molded article along

the axis is small, the difference in substantial wall



.,

20 At this step, the injected resinis extruded into a cavity to

subsequently forma hollow part in the resin. Fig. 2(c) shows a step
of maintaining a pressure of the fluid for_a certain period, e.g., for
30 seconds. After this step, the pressuré25 of the fluid is rel eased.
25 : Also in this nethod, a shut-off valve may be equi pped

between a nozzle and a gate. For exanple, at the step of

-17- thijcknessgbetweennai paot awhermen haliows Higt foinedaand Aspart
arranged on the runner or at a boundary between the runner and t he
cavity to pwheeet at hellewi st noth formed doecdned lemaddwirt.y As a résult psing
the valve. Then, the cavity and the runner are 5 linked by opening the
val ve withi &obﬁmgcaﬁdSsaiiaifidaetﬁdmrgﬁoceed witfhdute aprpesdodized f1 uid.
When a resin having a high crystallization velocity is enployed, a -
nol'ded arti gieflaxenbs. a good appearance is preferably obtained every
shot by arrangi ng the shut-off valve on the runner.

5 Therefore, a molding cycle is shortened, which is
economically preferable. Further, since the resultant molded
article has less parts where a hollow is not formed, the
pressure of a fluid is sufficiently transmitted to every part
of a molten resin at the molding step. Sink marks and warpage

10 hardly occur; consequently, a desirable molded article having
an improved dimensional accuracy is obtained.
Preferable shapes of the molded article of the
present invention are illustrated hereinafter.
First, it is preferred that the shortest and longest
15 distances between the axis and the inner surface of a molded
article in a cross-section vertical to the axis of the molded
article satisfy the  following relationship:
= (dl - d2) / 41 = 0.1
In the above formula, di and d2 indicate the longest
20 distance and the shortest distance between the axis and the
inner surface of a molded article, respectively. When the
hollow part formed inside the molded article satisfies the
above relationship, the center of gravity of the molded
article almost accords with the center of its axis. As a
result, run-out is preferably reduced.

25



10 . ° Further, in any of the hollow injection nolding met hods
of the present invention, a single or a plurality of . . the corners at a
gate 1and and boundary parts between a Skfﬁé and a roller is
preferably renoved. The termMm™corner" neans a corner on the
I nner 'surface 15 of a cavity or the outer surface of a nolded article in
Cross- sectional views of the cavity and the nol ded article,
respectively. Such cdieean,i fA9geEnesSoPReIre8veRafuch (38 @ cam grgayel3
shown in Fig. 3(a), a corner 15 at a boundary part 16 bet ween a shaft
and a rol | er asoankey grgove (@ickh tomegessary’dorag zopdemdhapywprktadeca
between a shaft and a gear shown in Fig. 4(b), and a corner 15 at a
boundary par rotétbet iscprefaehalily arramgesl oncdaneskrolderntbi givé(the and, in
addition, a corner at a boundary part between gears. In
t he hol | ow i pjlercailofunctilons, toversaid |part. 26henheuggedness tor sa ayraovesd
bet ween a nozzle and the gate, a pressurized fluid passes through the
gate to reachutheagasi ¢ym groove is arranged on a part or the whole of the
surface of a molded article, they are preferably arranged so

as to satisfy the following relationship:

0.7= (R2 -r2) / (Rl - rl) =1

In the above formula, R1l, R2, rl and r2 are defiﬁed
10 as follows.
| In the cross-section vertical to the axis of a molded
article having grooves on its surface, Rl and R2 indicate the
iongest distance and the shortest distance between the center
of the axis and the outer surface of a molded article,
15 respectively; and rl and r2 indicate the longest distance and
the shortest distance between the center of the axis and the
inner surface of a;molded article, respectively. In Fig.

. 11(¢), for example, Rl, R2, rl and r2 are shown as R1, R2, r’l

and r2, respectively.

20 To prevent leakage of a pressurized fluid, corners of
the grooves are preferably removed by, for instance, radiusing.
In the case that a cam groove is arranged, the edge of the cam

groove is radiused.

25 Brief Description of the Drawings

Fig. 1(a) shows a diagrammatic view of the gate of a



-18- 7 In this case, the injected resin on and around the corner

hardly sustains the pressure of the fluid and is easily ext ruded
towards the tip of the fluid. As a result2 t hi n- wal | ed parts are
formed on and around these corners 15 as ~28~shown in Figs. 3(a) and (b).
Sonetimes, the pressurized fluid | eaks from around the corner.
Cbnsequently st abl e production of nolded articles having a desired
shape cannotmold dlawing a pressuniged Eleid chargingepontt k| tthmavidy
desired shape is obtained, its dinensional accuracy becones poor since

the 10 eff gBigofl b )prafuns i erasisisectannal véewurlongthe nexiis of the
Further, there is a possibility that the nolded article is
det eri or at edrefided @it iafiterinedhbyk nessgothehwol dsihsobosed in Fig.

The corners of the cavity are renoved by, for I nstance, radiusing or
beveling. 1Ba). Fig. 1Tkd shows"aadross+vsgcinbomesl twidw niegttiidad dbothe
corners of a cavity so as to be a circular arc. Snooth curves besi des

arcs aresal sxif @PtHY Grolded article ofAF@.QSel(BWtéiE@n COIGYey BarInda he
gate of a cavity is

Figs. 2(a) to (c¢) show one example of the process for
hollow injection molding of the present invention.

Fig. 3(a) shows a cross-sectional view of the
vicinity of the gate, where a corner is not removed, of a mold.

10 Fig. 3(b) shows a cross-sectional view of the molded article
which is obtained with the mold of Fig. 3(a).

Figs. 4(a) to (c¢) show examples of molded articles
obtained by the hollow injection molding of the present
invention. Fig. 4(a) shows a bouﬁdary part between a shaft

15 part and a roller part. Fig. 4(b) shows a boundary part'
between a shaft part and a gear part. Fig. 4(c) shows a
boundary part between a shaft part and a cam part.

Fig. 5 sho;s a cross-sectional view of the vicinity
of the gate of a mold which is used in one of the molding

| 20 methods of the present invention, and which has a radiused
. corner at a boundary between a gate land and a cavity.

Fig. 6 shows a cross-sectional view of the vicinity
of the gate of a mold which is used in one of the molding
methods of the present invention, and which has a radiused

25 corner at a boundary between a roller part and a shaft.

Fig. 7 shows a cross-sectional view of the vicinity



radiuged is illustrated with Fig. 5. Fig. 5 is a cross- 20 sectional view

of a gate land along the axis of a nolded article. Nunerals 7, 10, 13
and 14_indicate a cavity surface, . a.funner, a gate land and a gate,
respectively. Synbol s A, BZGD, E and F individually indicate
a » point on the surface of a cavity. More precisely, Aindicates 25 a
point on a cavity surface on the gate side; B and D I ndi vi dual |y

i ndi cat e anofntbesgatéodf od melksd sthicicdsousgd in one of the molding

-19- radi used corner and the surface of the cavity on the gate

si de; E i ndinetheds achothe spyesantdaventjsne Raddwhighahagraebeveled, runner
of a nold. The radi used corner of a cavity is shown in Fig.
5. 5 The cedhesedtcarbeundxty thatweerns aefroddernpentTandati shags. t he

rel ati onship defined by the follow ng fornmul a: 0.1 nmierr]Te

[err]: ([err]2-1) X Gig. 8 shows a cross-sectional view of the vicinity
'5 of the gate of a mold which is used in one of the molding
methods of the present invention, and which has a beveled
corner at a boundary between a roller part and a shaft.

Fig. 9 shows one example of the molded articles of
the présent invention.

10 Fig. 10 shows a cross-sectional view of the molded
article of Fig. 9.

Fig. 11(a) shows an external appearance of one of
molded articles having grooves which is ébtained by the
present invention. Fig. 11(b) shows a cross-sectional view

15 along the axis of the molded article of Fig. 11l(a). Fig.
11(c) shows a cross-sectional view vertical to the axis of the
molded article of Fig. 11l(a).

Fig. 12 shéws_a parting face of a mold which is used
in Examples 1 to 13 of the present invention.

20 Fig. 13 shows a parting face of a mold which is used
in Comparative Examples 1 to 4 of the present invention.

Fig. 14 shows a cross-sectional view along the axis
of a roller obtained in Examples 14 to 16 of the present
invention.

25 Fig. 15 shows a parting face of a mold which is used

in Examples 14 to 16 of the present invention.
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wherein, in Fig. 5, G represents the length of segment CE (C IS an
i ntersection of segment AB and segnent DE); and Te 10 represents the-
| ength_of segnent CF (F is an intersectiog of the surface of a
radi used corner and the bisector of [errr'eE). The above
relatitonship is not limted to the shape of the gate part shown in
Fig. 5, and it can be adopted to other shapes of a gate part. 15
Wien Te is | ess thanFdgl im shbwecasparting\fane of & mold whighags used
pressurized fluid and inprovenment in strength of a nolded article are
not suffici ein|Exanids tIH.tPrlef erfalthe, presen¥einveftfomm or nore. As Te
becones | onger, a nore sufficient effect is obtained. However, it is
necessary to arrangeFig. 20 showhi a ¢hessisacticnaje view iadwngf tbesardéss at
gate cut and the appearance of the corner after gate cut.
Fig. 6 is amxambEle abttaidiaddamn Exampleat1d to 19bofincke ypietemen a
shaft and a roller and the like. Fig. 6 shows a part of the
cross-sesti aimbemtim.of a cavity along the 25 ‘axis of a noblded article
having a shaft and a roller. Synbols L, M O P and Qindividually
indicate a point on Fhg.susfshéws a roller with a gear obtained in
Examples 20 to 25 of the present invention.
Fig. 19 shows a parting face of a mold which is used
in Examples 20 to 21 of the present invention.
10 Figs. 20(a) to (c) show schematic view indicating the
molding process of Examples 20 to 21 of the present invention.
Fig. 21 shows a cross-sectional view along the axis
of the roller obtained by using the mold disclosed in Fig. 19.
Fig. 22 shows a parting face of a mold which is used
15 in Examples 22 and 23 of the present invention.
Fig. 23 shows a parting face of a mold which is used
in Examples 24 and 25 of the present invention.
Figs. 24(a3 to (c) shows schematic views indicating
the molding process of Examples 24 and 25 of the present
20 invention.
Fig. 25 shows a roller obtained in Examples 26 to 29
of the present invention.
Fig. 26(a) shows a roller having grooves obtained in
Examples 34 to 37 of the present invention. Fig. 26(b) shows

- 25 a cross-sectional view along the axis of the roller of Fig.

27(a). Fig. 26(c) shows a cross-sectional view taken along
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of a cavity whose corner is radiused. In this exanple, a
preferable range for radiusing a corner is expressed by the fol |l ow ng
f or nui as: a)

0.4 mm[err] Tg [err] 0([err]2 /2 X (T2-T1) 5
in the case of 5 mm[err] T2-T1 [err] T3k§ b 0.4 mm[err] Tg
[err] ([err]2-1) X T3 in the case of 5 mm[err] T3X2 [err]
T2-T1; wherein, in Fig , 19 represents the _l.ength of se nt NQ (N

i s an inter$bet ﬂ-éﬁeoVe?égﬁé%tth\?F%oa%Jégrﬁ;n r%rQoifs ad- %re
intersection of the surface of a radiused corner and_ th bi sect or of
[err]LNP); T3 repredsiigs 2hshawsgeh papesefredingNroyler Obtquui’ epr esent
di aneters of a shaft part and a roller part, respectively, when both
parts are sBapsples 39Itﬂdé3sandjcOmpareﬁﬂﬂﬁmﬂxﬁmaleﬁréséﬁt§2tﬁ£ gh@neter of

a pitch circle when both 15 or either part is shaped in a gear; and T1
and/ or T2 present invention.
5
Description of Numerals
1: fluid/gas charging port 2: supply pipe
3: center of axis 4: mold
5: axis 6: hollow part
10 7: cavity 8: molten resin
9: sprue 10: runner
11: mold parting face _ 12: resin part
13: gate land 14: gate
15: thin-wall part (corner)  16: boundary part
15 17: shaft | 18: roller part
19: gear part . 20: cam part
21: radiused corner: 22: beveled corner
23: gate 24: entrance of passage
25: groove 26: additional cavity
20 27: passage to additional cavity
28: shut-off valve
Best Mode for Carrying Out the Invention
[Resin and Condition to be Employed]
25 The following resins were employed to carry out

injection molding and hollow injection molding in Examples and



represents the smal | est dianeter of a can1mhen both or either part is

shaped In a cam The above relationship is not limted to the
shape® of the cavity shown in Fig. 6, nd it can be adopted to other

20 shapes of a cavity. ﬁ Tg is less than 0.4 nm effects
on prevention of | eakage of a pressurlzed fluid and inprovenent in
strength of a nolded article are not sufficiently exhibited.
Pref er abl y, Comparpfive Exgmpdes- nore. As Tg becones |onger, a nore

suf ficient _ -21- effect is
obt ai ned. H®Reyacetal icopedymesargsiv:zarrange Tg wi t hin the above
range in view of easiness at gate cut and the appear ance of the

corner after gate cutrenac®~C 4520 manulffathwed byershhigChemboal t indeptece
the corner as 5 nentioned above with an angl ed straight surface. For

I nstance, as dg crlﬂgg in Fig. 7, the surface of the cavity having a
corner around its gate s finished by repIaC|ng t he corner

5 Polyacetal copolymer resin containing glass fibers:
Tenac®-C GN755 (wherein glass fibers are mixed at.a
ratio of 75 to 25) manufactured by Asahi Chemical
Industry Co., Ltd.

Polyacetal type resin:
10 Lynex®-T TFC67N manufactured by Asahi Chemical

Industry Co., Ltd.

Nylon 66 (polyamide 66) resin:
 Leona® 1402S manufactured by Asahi Chémical Industry
Co., Ltd.
15 Modified PPE resin:
Xyron® 500Z manufactured by Asahi Chemical Industry
Co., Ltd.
ABS resin:
Stylac®-ABS 101 manufactured by Asahi Chemical
20 Industry Co., Ltd.

When a polyacetal resin or a polyacetal type resin
was injection molded or hollow injegtion molded, the
temperatures of a cylinder of a molding machine and a mold
were set at 200° and 80° C, respecﬁively.

25 When a modified PPE resin was injection molded or



with a plane having segnent BFD

The bevel ing of around the

corner of a cavity is .10 illustrated with Fig. 7. Fig. 7 is a
cross=sectional view of a gate Iand_§long the axis of a nol ded
article, wherein nunerals 7, 10, 13 RH 14 indicate a cavity surface,

a runner,

a gate land and a gate, respectively. Mre precisely, A

~indicates a point on a cavity surface on the gate side; B and, 15 D

i ndi vi dual | yhokbpe sinjegtion aadded ofhef teppesarnges of a cylingey Qe f
corner and the surface cavity on the gate side; E i ndi cates a boundary
bet ween a ganeldimgl machine @mnd saomoldnwere set at 28abdland B ¢ferabl e

range for beveling a corner is expressed by the follow ng fornmul a:
0.1 mm[err]dédpdetideryerr]2-1) X & wherein, in Fig. 7, G
represents the.length of segnent CE (C is an intersection of segnent

AB and segnment DE); @fenThn aBs £&€9{£SM Sid

1 R b1 e *FTRIML 160 (F IS

20

an intersection of a surface the a bevel ed corner and the bisector of

E)?‘”] ACEl.  P@jection mo_ldg?ﬂ ARV epeehiaPali Bl & 8911ha8t S 4 dMBiRpape

10

15

20

25

machine and a ﬁo1d were set at 230° C and 40° C, respectively.

[Molding Machine]

a molding machine used in Examples was equipped with
a shut-off valve on the screw (hopper) side of a gas charging
port in order to prevent a gas from flowing back into a
cjlinder.

[Pressurized Fluid]

A nitrogen gas was employed as a pressurized fluid to
be charged into a resin. The gas pressure was decided in each
Example or Compérative Example.

[Evaluation of Properties of Molded Article]
A molded a#ticle was evaluated by measuring

properties which were randomly selected from a hollow shape,

roundness, magnitude of run-out, roughness of a roller surface,

breaking strength. The measuring devices and methods were as

follows:

Measurement of size of hollow part:
The size of a section vertical to the axis was obtained by
cutting the shaft-unified type rotator at an optional
point, measuring distances from the center of the shaft to

the internal wall of the rotator, defining the 1ongést



-22- the gate part shown in Fig. 7, and it can be adopted to other

shapeé'of a gate part. Wien Tf is less than 0.1 mm effects
on prevention of | eakage of a pressurized fluid and inprovenent in
strengt h of 5 a nolded article are not33ufficiently exhibited.

Pref erabl y, Tf is 0.5 mmor nore. As Tf becones |onger, a nore
sufficient effect is obtained. However, it is necessary to arrange Tf
wi thin the abovelistayece rand esheofsheatiesessistagaeeasudl aamd t di2,

appearance of the corner after gate cut. 10 A case that a corner
ot her than that sespeckivelyatand obtadhiagcathet yatioeof theodifferdnde
boundary between a shaft and aroller, is beveled is illustrated with
Fig. 8. Fig. 8 ivetween dlpardd @2 aocddss-sectional view of a nolded article
havi-ng a shaft part and a roller part along its axis. Synbols L, M O,
15 P and Qindiphdlupide/ dd GictidnP@nnthendibectith a6 Ohe daxis waAvity.
A preferable range for beveling a corner is expressed by the foll ow ng
formul ass obtained by cutting the shaft-unified type rotator along

with the axis, measuring whole length of the rotator along
the axis and length of the hollow part, and obtaining a
ratio of the length of the hollow part to the whole length
of the rotator.

10 Measurement of roundness:

Using a roundness measuring devicg RA-424 manufactured by

Mitsutoyo Corp., the roundness was measured at measured

points of the resultant shaft-unified type rotator.
Magnitude of run-out:

15 Using a roundness measuring device RA-424 manufactured by
Mitsutoyo Corp., the magnitude of run-out was measured at
optionally selected three points on the resultant shaft-
unified type rdtator. The magnitudes at two points among
the three points were defined as a standard, and the

20 magnitude at the center was defined as a measured value.

When the above roundness measuring device is used,
measurement cannot be often éarried out at a magnitude of run-

out of about 300 um or more depending on the shapes of the

molded article. Therefore, samples which could not be
25 measured by the measuring device were measured again using a

dial gauge.



a) .pi 4 mm[err] Th [err]([err]2-1/4 X (T5-T4) - in the case of
5 mmperr] T5-T4 [err] T6X2; 20 b) 0.4 m[err] Th [err] ([err]2-1) X

6 - in the case of 5 mm[err] égex 2 [err] T5-T4, wherein
in Fig. 8, Th represents the |Iength of ségifent NQ (N is an
I ntersection of segnent LM and segnent OP, and Qis an I ntersection of

a surface of a beveled corner and a bisector 25 of ZLNP); T6 represents

t he | engt h doughpesa af\roflezngurface:

- 23- represent dianmeters of a shaft part and a roller part,
respectivel y, whanmachingafaxs neasuwgtinge sunface roughses$4SURFCOMNET SR T5
represents the dianeter of a pitch circle when both or either part is
‘shaped i n a gearmasmfladduredi/hy Trkyo Sedsptesedps ,t hedsnwas esiplioyead: e of
a cam when both or either part is shaped in a cam

measured value of maximum height (Rmax) (um) was defined

5 as the roughness according to JIS B 0601-1982.
Breaking strength:
The breaking strength was measured with a universal
testing machine Model 1185 manufactured by Instron Corp.
Both ends of the roller were fixed and a load was put on
10 the center of the roller to measure a breaking load af a

boundary_part.

Examples 1 to 4
| A mold capable of forming.a shaft-unified type roller
15 comprising a roller part 18 and a shaft part 17 as shown in
Fig. 9 was employed: The mold had, as shown in Fig. 12, a
cavity 7 arranged so that the axis of the shaft-unified type
roller be vertical,-and a gate 14 equipped at the intersection
of the bottom of the cavity and the axis.
20 The hollow injectioﬁ molding was carried out using
resins listed in Table 1 according to the following steps..
On the first step,-a resin was injected into the
cavity 7 in an amount corresponding to 70 % of the internal
volume of the cavity using an injection molding machine.
25 On the second step, a nitrogen gas pressurized to 150

kg/cm’ was charged into the resin for 5 seconds through a



The apove relationship is not linmted to the shape of the cavity shown
in Fig.-8, and it can be adopted to other shapes of a cavity. 10
When -Th is less than 0.4 mm effects on gégvention of | eakage of a

pressurized fluid and i nprovenent in strength of a nolded article are

‘not sufficiently exhibited. Preferably, Th is 0.5 nmor nore. As Th
becones | onger, a nore sufficient effect is obtained. However, it is
necessary t @LESSURjEcHh gass cRareiAgt ReThb et r SheE i H HIaHiss Je 855309890
gate cut and the appearance of the corner after gate cut. .
As expl ai neditalovimzzlenpat dinkingere safPpRevRRf sthe mokding machddepar t
fromformng and reduce | eakage of a pressurized fluid. Therefore,
mol ded arti o &5 segorisk asftelsl rhe2dnjegtiyerdof the resin on Yhe tficsihskep-
i nj ection mol ding nmethods, conditions for molding an article is
deci ded so that a hobhowheathindbstep, ths gmesswire »fi ¢heonifragen gas
preferably 15 to 50 % Wen the hollow ratio is within this range,
hol | ow i Bj eaiiaargetdiditng th25 restinbensthé| secand | etepwas graintaines dogired
hol | ow shape is easily forned; preferably, the resultant nol ded
articles do 30 seconds. After the third step, the pressure of the
nitrogen gas was released. A molding cycle was about 45
seconds.
The resultant shaft-unified type rollers were
100 evaluated conéerning a hollow shape, roundness, run-out. The
size of the hollow part was measured at the section obtained
by cutting the roller at point B in Fig. 9. The roundness was
measured at points A, B and C on the roller shown in Fig. 9. .
The magnitude of run-out was measured at points A, B and C on
15 the roller. The magnitude at points A and C were defined as a
standard, and the magnitude at point B was defined as a
measured value. The results of the measurement are shown in

Table 1.

20 Comparative Examples 1 to 4
A mold capable of forming a shaft-unified type roller
as shown in Fig. 9 was employed. As shown in Fig. 13, a
cavity 7 was arranged in the mold.so that the axis of the
shaft-unified type roller be horizontal. Shaft-unified type
25 rollers were obtained with the same resins under the same

conditions as in Examples 1 to 4 except that the structure of



-24- not have poor appearance ow ng to hesitation marks and the

| i ke, sand have good di nensi onal accuracy. - The hollow ratio
is defined by the follow ng fornula: s Hollowratio (%9 = {(V
xp - M/ (V xp)} x 100 5 In ?ﬁe above formula, V represents
t he volune of a hol | ow part when the hollow part is filled wth the
sane resin as the nolded article, p represents a specific gravity of

t he resihe Mg waR) duffeseatent The MLty ofhdhomeamuremgdy are

article. 10 . To obtain a hollow ratio-satisfying the above

rel at.i onshi Fhawbvim FaH&dd -are suitably enpl oyed. For exanple, in the
case of a full-shot nethod, a co-injection nmet hod and t he nol di ng

nmet hod fourthly described in the above, the satisfactory hollow ratio
i s obtained by adjusting the 15 volune of an additional cavity, the
anount of a BxamiplesoSh&o 13 injected, and the volume of a sprue or a

runner and the anount
5 Hollow injection molding was carried out using the

mold employed in Examples 1 to 4 and resins listed in Table 2
according to the following steps.

The pressurized gas charging port 1 was arranged at a
.nozzle part of a molding machine (not shown in Figures) in

10 Examples 5, 8, and 11; at a runner 10 of the mold (position A
in Fig. 12) in Examples 6, 9 and 12; and in the cavity 7 of
the mold (position B in Fig. 12) in Examples 7, 10 and 13.

On the first step, a resin was injected into the

cavity 7 in an amount corresponding to 70 % of the inner
15 volume of the cavity using an injection molding machine.

On the second step, a nitrogen gas pressurized to 100
kg/cm’ was charged into the resin for 5 seconds through one of
the pressurized gaslcharging ports arranged at a nozzle part,
at a runnerland in the cavity 0.5 second after the injection

20 of the resin on the first step.

On the third step, the pressure of the nitrogen gas
charged into the resin on the second step was maintained for
30 seconds. After the third step, the pressure of the
nitrogen gas was released to take out a molded article from

25 the mold. A molding cycle was about 45 seconds.

The resultant molded articles were evaluated



of a ryesin to be injected, respectively. A ratio of the

| ength of a hollow part along the axis “to the whole I ength of a nol ded
article along the axis is .20 desirably 8 7%or nore, nore desirably 90 %
or nore. Fig. 9 is an exanple of a nol'ded article having a holl ow part
ratio- of 100 % and Fig. 10 shows a cross-sectional view of the

mol ded article of Fig. 9 along its axis. ] When a difference
bet ween t he 3QGRFANT to Hdle Sameamannes asobpy Examples hnkb the Whel e | engt h
of a nolded article along . the axis is small, the difference in

subst anti al &@8ults of the measurement are shown in Table 2. 25-

t hi ckness between a part where a hollowis fornmed and a part where a
hol l ow i s not formed beconmes small-er. As a result, cool ing and
solidification proceed without a periodical di fference. 5

Ther ef ore, &zanpliesy ldydloe 1i6s shortened, which is
5 A mold capable of forming a shaft-unified type roller
comprising a roller part 18 and a shaft part 15 as shown in
Fig. 12 was employed; The mold had, as shown in Fig. 15, a
cavity 7 arranged so that the axis of the shaft-unified type
roller may be vertical, and a circular gate 14 equipped at the

10 intersection of the bottom of the cavity and the axis.

An additional cavity 26 was arranged above the cavity
7, and linked with the cavity by a passage 27 which was
arranged from the top of the cavity along the extension line
of the axis. The volume of the additional cavity was 40 % of

15 that of the cavity.

Full-shot hollow injection molding was carried out
according to the following steps.

On the firét step, a resin was injected into the
cavity 7 so as not to leave a non-filled part.

20 On the second step, a nitrogen gas pressurized to 150
kg/cm’ was charged int§ the resin for 5 seconds through a
pressurized gas charging port (not shown in Figures) arranged
at a nozzle part of the molding machine 0.5 second after the
injection of the resin on the first step.

25 On the third step, the pressure of the nitrogen gas

charged into the resin on the second step was maintained for



econqnically preferable. Further, since the resultant nol ded article
has | ess parts where a hollowis not formed, the pressure of a fluid
is sufficiently transmitted to every partsg of a nolten resin at the
nol di ng step. Sink marks and warpage 10 %ardly occur; consequently, a

dgsirabge nol ded article having an inproved di nensi onal accuracy is

obt ai ned. Pr ef er abl e shapes of the nolded arti.c 0

present invéﬁtﬁ&ﬁoaﬁé-iIAQEQFEﬁQRjQQiﬁajﬁéﬁpbrF e pressure of ?sI,th? is
preferred that the shortest and |ongest 15 distances between the axis and
the inner sitzegesfgasnvascyeleasedy  Acmelding EVSi?—?@EtPBﬂuBe ical to
the axis of the nol ded article satisfy the follow ng rel ati onshi p:

0 [err] (dl secepfst dl [err] 0.1 In the above formula, dl and
d2 indicate the |ongest 20 distance and the shortest distance between the
axis and the i hen sthe hadlow $izel @8dthet resultaptpEelded | 3rtifas t he
hol | ow part forned inside the nolded article satisfies the above

rel ati orshi wast measened; bhegresulys ofere s impilesd to thoge jofl £hg| medded

accords with the center of its axis. As a 25 result, run-out is

preferably wasticdds obtained in Examples 1 to 4.

| Further, the resultant molded articles were also
evaluated concerning whole length of a hollow part along the
axis of the molded article, roundness, run-out. The roundness
10 was measured at points A, B and C on the molded article in Fig.

9. The magnitude of run-out was measured at points A, B and C
on the molded article. The magnitude at points A and C were
defined as a standard, and the magnitude at point B was
defined as a measured value. Thelresults of the-measurement

15 are shown in Table 3. Fig. 14 is a cross-sectional view along

the axis of the hollow molded article.

Examples 17 to 19

A mold capable of forming a shaft-unified type roller
20 shown in Fig. 9 was employed as well as Examples 14 to 16 to
carry out full-shot injection molding. The mold has, as shown
in Fig. 16, a cavity 7 arranged so that the axis of the cavity
may be vertical, and a gate 14 equipped at the intersection of
the bottom of the cavity and the axis. Further, an additional
25 cavity 26 was arranged above the cavity 7, and linked to it

with a passage 27 from the top of the cavity along the



- 26 -7 Second, ruggedness or grooves such as a cam groove
and a- key groove which is necessary for a roller to work as a r ot at or
is preferably arranged on the roller to glge t he plural functions to
a solg part. When ruggedness or a grooves3 5 such as a cam groove is
arranged on a part or the whole of the surface of a nolded article,
they are preferably arranged so as to satisfy the foll ow ng

rel ati onshi pxtension line of the axis.(.Thg eahdpg RE -41®) pass@yge 27 1yagerr |
1 In the above formula, Rl, R2, rl1 and r2 are defined 10 as
fol |l ows. circular. AIshuheoffovalzeCZBcnpe&atéduﬂiﬁhaaIhydamMiiof a

nol ded article having grooves on its surface, RL and R2 indicate the
| ongest  di stafiimden wae azirangest adbahdnthe middbe ofictlepassage 27af the
axi s and the outer surface of a nolded article, 15 respectively; and rl

and r2 indi gaiddailsrgesn mamtmnaewand employée. siThe asiluties bEnehebet ween
the center of the axis and the
5 additional cavity was 40 % of that of the cav1ty.
Hollow injection molding was carried out according to
the following steps.
On the first step, a resin was injected, in a state
that the cavity 7 and the additional cavity 26 were separated
10 by the shut-off valve 28, so as not to leave a non-filled part
iﬁ the cavity.
On the second step, a nitrogen gas pressurized to 150
kg/cm? was charged inté the resin for 5 seconds through a
pressurized gas charging port (noﬁ shown in Figures) arranged
15 at a nozzle part of the molding machine 0.5 second after the
" injection of the resin on the first step.
On the third step, 0.5 second after the nitrogen gas
began to be chargedeinto the resin, the shut-off valve 28 was
opened to link the cavity 7 and the additional cavity 26. A
20 hollow part 6 was formed in.the resin in the cavity 7 while
extruding a part of the resin into the additional cavity 26.
On the fourth step, the preséure of the nitrogen
charged into the resin on the third step was maintained for a
certain period. After the fourth step, the pressure of the
q=““25 nitrogen gas was released to take out a molded article from

the mold. A molding cycle was about 45 seconds.



i nner_ surface of a nolded article, respectively. 1In Fig. 11(c), for

exanpke, Rl, R2, rl1l and r2 are shown as Rlerr]1, Rerr]2, r[err]1 and
r[err{2, respectively. 20 To prevent | eakage of a pressurized
fluid, corners of t he grooves are prépérably removed by, for instance,
radi usi ng. In the case that a camgroove is arranged, the edge of the
cam groove is radiused. 25 Brief Description of the Draw ngs

Fig. 1(a) shows a di Whgeanthéi bollew size hef dhiee mdswltant molded articles
-27- nol d having a pressurized fluid charging port inits cavity.
Fig. 1(b) sheass measussi,satie” aeshleseweaboaimibar akostivbse hef the moinledied
article obtained by using the nold disclosed in Fig. 1(a). Fig. 1(c)

shows a crosertsifldsPtadined \ier Exampleés Lheo 45 axis of the nolded article
of Fig. 1(b) taken along line A-Alerr].
Further, the resultant molded articles were also
5 evaluated according to the same manner as in Examples 14 to 16.
The results are shown in Table 3. Fig. 17 is a cross-

sectional view along the axis of the resultant hollow molded

article.

10 Examples 20 and 21
A mold capable of forming a shaft-unified type foller
comprising a roller part 18, a shaft part 17 and a gear part
19 as shown in Fig. 18 was employed. The mold had, as shown
in Fig. 19, a cavity 7 arranged so that the axis_of the shaft-

15 unified type roller be vertical, a gate 14 equipped at the
intersection of.the bottom of the cavity and the axis, and a
pressurized gas charging port 1 at a runner 10. Resins listed
in Table 4 were embloyed to carry out hollow injection molding
according to the steps (a), (b) and (c¢) shown in Fig. 20.

20 On the first step, a resin was injected into the
cavity 7, as shown in Fig. 20(a), in an amount corresponding
to 70 % of the inner volume of the cavity.

On the second step, as shown in Fig. 20(b), a
nitrogen gas was charged into the resin through a pressurized

25 gas charging port 1 arrénged at a runner 10 during the

injection of the resin to form a hollow molded article in the



Figs. . 2(a) to (c) show one exanple of the process for hol | ow i nj ection
nnldfﬁg of the present invention. Fig. 3(a) shows a
crosst=sectional view of the vicinity,of the gate, where a corner is
not renoved, of a.nmold. 10 Fig. 3(b) sﬁ3 a cross-sectional view of the
nol ded article which is obtained wwth the nmold of Fig. 3(a).

Figs. 4(a) to (c) show exanples of nolded articles obt ai ned by the
hol | ow i nj ectdwiktywoldi ng of the present i nvention. Fig. 4(a) shows a
boundary part between a shaft 15 part and a roller part. Fig. 4(b) shows a
boundary part bénwebe thitdfstepw tthendresgawe ofr theFngtragen shows a -~
boundary part between a shaft part and a cam part. Fig. 5
shows a crosshamged doetlo whewresinhwasi paintgined forf Iheeransisofasa siowa
which is used in one of the nolding 20 nethods of the present invention,

and whi ch haien Fiqdiatged . Aftevrtire thiml Eheplarthebgressure gft €heand and
a cavity. Fig. 6 shows a cross-sectional view of the vicinity

of the ghate miftrogel djashiwals ireleasddi n mmpliiddeyailedwag aboutnmdthods of
t he present invention, and which has a radiused 25 corner at a boundary
bet ween a r adldondsart Fagd 21shafé.cross-sectional view of the resultant

hollow molded article.

‘The resultént molded articles were evaluated -
concerning surface roughness of the roller part 18. The
10 results are shown in Table 4. Further, other properties (the
‘'size of a hollow part, roundness and magnitude of run-out)

were evaluated, and the results were similar to those of the

molded articles obtained in Examples 1 to 4.

15 Examples 22 and 23
| As shown in Fig. 22, the same mold as in Examples 20
and 21 except that a gas charging port was not equipped at the
runner 10 was emplo&ed to carry out hollow injection molding
using resins listed in Table 4 in accordance with the steps
20 shown in Figs. 2(a), 2(b) and 2(c).
On the first step, as shown in Fig. 2(a), a resin was
injected into the mold through the sprue 9 to fill the runner
10.
On the second step, as shown in Fig. 2(b), a part of
25 the resin at the sprue 9 and in the runner 10 were extruded

into the cavity 7 by charging a nitrogen gas from a



Fig. 7 shows a cross-sectional view of the vicinity

-28-‘7 of the gate of a nold which is used in one of the nolding
nmet hotls of the present invention, and mthE has a bevel ed corner at a
boundary between a roller part and a shaft®™ Fig. 8 shows a

cross}sectional view of the vicinity 5 of the gate of a nold which is used

I n one of the nolding nmet hods of the present invention, and which has
a bevel ed pressmmigedigas chamgang perteeguipped|at the tnegrlen parsf of

Fig. 9 shows one exanple of the nolded articles of t he present
invention. tHe molding ma€hgnelO shows a cross-settional view of the nol ded
article of Fig. 9. Fig. 11(a) shows an external appearance of
one of mol ded aohi €hestibwd ngteyp 0chles pressuries odbtthenadtibpgehe

present invention. Fig. 11(b) shows a cross-sectional view 15 along the
axis of the gnirdpd dmticc kheoireblig. wad(mpintaimed for 30 seconds as shown

5 in Fig. 2(c). After the third step, the pressure of the
'nitrogen gas was released to take out a molded article from
the mold. A molding cycle was about 45 seconds.

The resultant molded articles were evaluated
according to the same manner as in Examples 20 and 21. The
10 results are shown in Table 4. Further, other properties (the
size of a hollow part, roundness and magnitude of run-out)
were evaluated, and the results were similar to those of the

molded articles obtained in Examples 1 to 4.

15 Examples 24 and 25

As shown in Fig. 23, the same mold as in Examples 20
to 23 except that a shut-off valve 28 arranged on the runner
10 was-employed to Earry out hollow injection mold using
resins listed in Table 4 in accordance with the steps shown in

20 Figs. 24(a), (b) and (c).

On the first step, as shown in Fig. 24(a), a resin
was injected into the mold through the sprue 9 of a molding
machine in a state that the shut-off valve arranged on the
runner 10 was closed to fill the runner.

25 On the second step, as shown in Fig. 24(b), a

nitrogen gas was charged into the resin through a pressurized



11(c), ‘'shows a cross-sectional view vertical to the axis of the nmol ded
articte of Fig. 11(a). Fig. 12 shows a parting face of a nold
whi-ch* i s used in Exanples 1 to 13 of ,the present invention. 20
Fig. 13 shows a parting face of a nold whtdh is used in Conparative
Exampltes 1 to 4 of the present invention. Fig. 14 shows a
cross-sectional view along the axis _of a roller obtained in Exanples
14 to 16 of gase ghaggimg port i(notnshown ipSFigures) arr@inged] ®tsi@owozale
parting face of a nold which is used in Exanples 14 to 16 of the
present invgantomf the molding machine. 0.5 second after the- i%trogen
Fig. 16 shows a parting face of a nold which is used in Exanples 17 to
19 of the prgaseitegamvant bencharged, the shutdgff Walkieowsasa opexateseebi onal
view along the axis of a roller obtained in Exanples 17 to 19 of the
present link the runner 10 with the gate 14 and to form a hollow
5 molded article by extruding a part of the injected resin into
the cavity 7.
On the third step, the pressure of the nitrogen
charged into the resin was maintained for 30 seconds as shown
in Fig. 24(c). After the third step, the pressure of the
10 nitrogen gas was released. A molding cycle was about 45
seconds.
The resultant molded articles were evaluated
according to the same manner as in Examples 20 to 23. The
results are shown in Table 4. Furfher, other properties (the
15 size of a hollow part, roundness and magnitude of run-out)
were evaluated, and the results were similar to those of the

molded articles obtained in Examples 1 to 4.

Comparative Examples 5 and 6
20 A shaft-unified type roller without a hollow part was
obtained with a mold shown in Fig. 19 according to the
conventional injection molding, which comprises injecting a
resin, maintaining pressure and cooling. Resins listed in
Table 4 were employed. The pressure maintained, the period of
25 maintaining pressure, the cooling period were 600 kg/cm?, 15

seconds and 40 seconds, respectively. A molding cycle was



5 invention. Fig. 18 shows a roller with a gear obtained in
Exanptes 20 to 25 of the present invention. Fig. 19 shows a
parting face of a nold which is used | n Exanples 20 to 21 of the
present invention. 10 Fi gs. ZIﬁéD to (c) show schematic view

i ndi cating the nol di ng process of Exanples 20 to 21 of the present

i nventi on. Fig. 21 shows a cross-sectional view along the
axis obbbhe 65| becontisai ned by using the nold disclosed in Fig. 19.
Fig. 22 shows a parting face of a nold which is used 15 in Exanples 22 and
23 of the present irpentiesultant molded articdes2@es@oexabugbedi ng face of
a mol d which is used I n Exanpl es 24 and 25 of the present invention.
Fi gs. 24(a) ateof@linghevsthehsams i manmensas nidi Exramples 20 tHoe 256! dThey
process of Exanples 24 and 25 of the present 20 invention.

Fig. 25 showesailtel hee showhned TabIxaspl es 26 to 29 of the present
i nventi on. Fig. 26(a) shows a roller having grooves obtained
in gxanples 34 to 37 of the present invention. Fig. 26(b) shows

Examples 26 to 28
A roller shown in Fig. 25 was formed by hollow
injection molding. The size of the roller was as follows:
External diameter: 20 mm
10 Whole length: 400 mm
Length of gate land: 2.0 mm
Ih ordei to prevent the wall of the resultant molded article
from being thinner, the corner of the gate was radiused as
shown in Fig. 5 so that Te be 0.2 or 0.4 mh as shown in Table
15 5. Resins listed in Table 5 were employed.
The resin was injected in the molten state into the
cavity so as to leave a non-filled part in the cavity. 0.5
second after the in}ection, a nitrogen gas pressurized to 150
kg/cm® was charged into the resin through the gas charging
20 port arranged at the nozzle par£ of the mold for 5 seconds.
After charging, the pressure was maintained for 30 seconds,
and the pressure of the gas was released.
Hollow injection molding was repeated 1000 shots in
each Example to compare frequencies of poor molding due to
25 leakage of the gas. Further, other properties (the size of a

hollow part, roundness and magnitude of run-out) were



25 a ‘cross-sectional view along the axis of the roller of Fig. 27(a) .

Fig. 26(c) shows a cross-sectional view taken al ong

-30- *. the line vertical to the axis of the roller of Fig. 26(a).
Fig. 27 shows a paper feeding roller obtadd in Exanples 38 to 43 and
Conparative Exanples 7 to 12 of the present invention. 5
Description of Nunerals 1: fluid/gas charging port 2: supply
pi pe 3. ec&@hii&tedf @#nd khe results were sifiilaml do thosé:ofixtlse molded
6: hollow part 10 7: cavity : 8: nolten resin
9: “sprue articles obtained in Exalfplesuinego 4. 11: nold parting face
12: resin part 13. gate | and 14: gate 15:
thin-wall part (corner) 16: boundary part
Example 29
5 Hollow injection molding was carried out according to

the same procedure as in Example 27 except that the corner at
the connection of the gate land 13 and the gate 14 was beveled
as shown in Fig. 7 whereas it was radiused in Examples 26 to
28. The resultant molded article was evaluated aécording to
10 the same manner as in Example 27. The results are shown in
'Table 5. Further, other properties (the size of a hollow part,
roundness and magnitude of run-out) were evaluated, and the
results were similar to those of the molded articles obtaihed
in Examples 1 to 4.
15
Examples 30 to 32
A roller shaped as shown in Fig. 9 was obtained by
hollow injection mélding. The boundary part 16 of the roller
indicates a boundary between a roller part 18 and a shaft 17.

20 At the boundary part 16, 1 or 3 mm radiused corner (Tf) 21 was

arranged. The size of the resultant roller was as follows:

Whole length: 280 mm
Roller length: 200 mm
Shaft length (T3): 40 mm
25 Roller diameter (T2): 40 mm

Shaft diameter: 20 mm



15 17: shaft 18: roller part 19: gear part

20: cam part 21: radiused corner 22: bevel ed corner

23: gate 24: egaégnce of passage 25: groove
~26: additional cavity 20 27: passage to additional cavity 28:

shut-of f val ve Best Mode for Carrying Qut the Invention [ Resin

and Condition to be Enployed] 25 The followi ng resins were

enpl oyed toResdng ddsted 1inj Fpbdei 6rveme RMRLANRA Mol | ow i njection nol di ng

i n Exanpl es and - 31-

Conpar ati ve Exanpl esThe resiw|was eirdlect@solipker thescavity in an amount
Tenac[err]-C 4520 manufactured by Asahi Chem cal |ndustry
corresponding to 70% of the volume of the cavity 7. 0.5
second after the injection, a nitrogen gas which was
5 preliminarily préssurized to 120 kg/cm’* was charged into the
resin through a pressurized gas charging port 1 arranged at
the nozzle part of the molding machine. The pressure of the
gas was maintained for 40 seconds, and then released. Hollow
inﬁection molding was repeated 1000 shots in each Example to
10 compare frequencies of poor molding due to leakage of the gas.
The results are shown in Table 6. Further, other properties
(the size of a hollow part, roundness-and.magnitude of run-
out) were evaluated, and the results were similar to those of
the molded articles obtained in.Ekamples 1 to 4.
15 |
Example 33
Hollow injection molding was carried out according to
the same procedure és in Example 31 except that the radiused
corner at the boundary part between the shaft part and the
20 roller part of Examples 30 to 32 was changed to a beveied
corner, and evaluation was also conducted according to the
same manner. The results are show in Table 6. Further, other
properties (the size of a hollow part, roundness and magnitude

of run-out) were evaluated, and the results were similar to

25 those of the molded articles obtained in Examples 1 to 4.



Co., Ltd. 5 Pol yacetal copolyner resin containing glass fibers:

Tenacferr]-C GN755 (wherein glass fibers are nmixed at a ratio
of 75 to 25) manufactured by Asahi Cheni_fg | ndustry Co.,
Ltd. . Pol yacetal type resin: 10 B Lynex[err]-T TFC67N

manuf actured by Asahi Chem cal | ndustry Co., Ltd. Nyl on
66 (polyam de 66) resin: ~ Leona[err] 1402S manufactured by
Asahi Cheni ExamphggsBdyto 37 Co., Ltd. 15 Modified PPE resin:
Xyron[err] 500Z manufactured by Asahi Chem cal |ndustry

Lt d. - ABS resi n:A shaft-unified Sypeazpdiel- ha8sing 19reeveAciure s
Asahi Chem cal 20 I ndustry Co., Ltd. Wen a

pol yacet al sesifacer as phbwacénaFigyp26 (&siwas obtaimed #yedoldewnol ded or
hol I ow i nj ection nol ded, the tenperatures of a cylinder of a nolding

machi ne andiajeeitdon molding. In the mold, a cavity was arranged so that
5 the axis of the roller may be vertical, and an additional
cavity was set above the cavity. A gate was arranged on the
axis of the bottom of the cavity, and a cavity side inlet of
the passage linking the cavity and the additional cavity was
arranged on the axis of the top of the cavity. Further, a
10 shut-off valve was equipped in the middle of the passage for
the purpose of optionally separating and linking the cavity
and the additional cavity.
In Examples 34 to 37, hollow injection molding was
carried out according to the same'procedure as in Examples 30
15 +to 32 except that an inner volume of the additional cavity was
changed. The volume in each Example corresponded to 25, 30,
35, 40 % of the volume of the resultant shaft-unified type
roller, respectivel&.
The thicknesses (maximum and minimum) of the
20 resultant molded article were measured by cutting the article
at point B in Fig. 26(a). Further, length of the hollow part
along the axis of the article was also measured.
The run-out was measured at point B of the molded
article while supporting the article at points A and C in Fig.
25 26(a). The measured value at point B excluding the value at

groove part was defined as an evaluated value.



were set at 200[err] and 80[err] C, respectively. 25 When a
nodi filed PPE resin was injection nolded or

-32-

hol | ow i nj ection nol ded, the t eratures of a cylinder of a

nnlding machi ne and a nmold were set at 280[err] and 80[err] C,
respectively. When an ABS resin was injection nolded or

~hol | ow

5 injection nolded, the tenperatures of a cylinder of a nolding

machi ne and a nol d Ve xamdness3yps, PPagugad ab[ePHPt € R JPHEt i12/43) -
[ Mol di ng_ Machi ne] A nol di ng machi ne used i n_Exanpl es was
equi pped wi The resujtghof-the measureRentharsc sb@wphdppdaple de Hurthan

charging 10 port in order to prevent a gas fromflow ng back into a

cyl i nder.

surfppecteughness F¥as (lso measured; itAwaist thbgegagesdescee as

enpl oyed as a pressurized fluid to be charged into a resin. The gas
pressure wathadbcineExamptash20 and 21.

5

10

15

20

25

EBxamples 38 to 43 and Comparative Examples 7 to 12

A shaft-unified type paper feeding roller as -shown in
Fig. 27 was obtained by hollow injection molding. As
mentioned in Table 8, a cavity having radiused corners at both
ité gate and boundary between a roller part and a shaft part
was arranged so that the axis of the roller may be vertical.
Further, on a runner, a shut-off valve capable of optionally
separating and linking the runner and the cavity was arranged.

Molding was carried out aécording'to the same
procedure as in Example 20 except that the cavity'and the
runner were separated by the shut-off vélve until a gas began
to be charged.

In Comparaéive Examples 7 to 12, molding was éarried
out according to the same procedure as in Examples 38 to 43
except that the cavity in the mold was arranged so that the
axis of the roller may be horizontal.

The molded articles obtained in Examples 38 to 43 had
similar size of the hollow part, gas leakage at the gaﬁe and
value of breaking load to those of the molded articles
obtained in Examples 1 to 4 and 26 to 32. To the contrary,

the molded articies obtained in Comparative Examples 7 to 12



15 Exanpl e or Conparative Exanpl e. [ Eval uati on of Properties of

Mol ded Articl e] A nol ded article was eval uated by measuring
properties which were randonly sel ected fr8n1a hol | ow shape,

roundness, magni tude of run-out, roughneéé of a roller surface, 20
breaKing strength. The nmeasuring devices and nmethods were as fol | ows:
Measur enent of size of hollow part: . The size of a section
vertical towere snfenior ¢ot #hese phtained in Examples) IhdasHakt - Thefied
type rotator at an optional 25 poi nt, neasuring distances fromthe
center of tmesiidist afoother evaluahdonstar@athown |infTablke Bt at or, defining
t he | ongest - 33-

di stance and the shoWhestothar qpmepertitis drihed3ize of a holiewppartyel y,
and obtaining the ratio of the difference between dl and d2 to
d. . frequency of poor molding and a breaking load) were evaluated,

5 the desirable results were obtained.

Examples 44 to 49 and Comparative Examples 13 to 18
A shaft-unified type paper feeding roﬁler as shown in
Fig. 28 was obtained by hollow injection molding. As
10 mentioned in Table 9, a cavity having beveled corners at both
its gate and boundary between a roller part and a shaft part
was arranged so that the axis of the roller may be vertical.
Fﬁrther, on a runner, a shut-off valve capable of optionally
separating and linking the runner and the cavity was arranged.
15 Molding was carried out according to the same
procedure as in Examplé 14 except that the cavity and the
runner were separated by the shut-off valve until a gas began
to be charged.
In Comparative Examples 13 to 18, molding was carried
20 out according to the same procedure as in Examples 44 to 49
except that the cavity in the mold was arranged so that the
axis of the roller may be horizontal.
The molded articles obtained in Examples 44 to 49 had
similar size of the hollow part, gas leakage at the gate and
25 value of breaking load to thosé of the molded articles

obtained in Examples 1 to 4 and 26 to 32. To the contrary,



The size of a section in the direction of the axis was 5 obt ai ned
by catting the shaft-unified type rotator along with the axis,
measur i ng whole | ength of the rotator alogg : the axis and | ength
of thé hollow part, and obtaining a - ratio of the length of the
hollom/part to the whole length of the rotator. 10 Measurenent
of roundness: Usi ng a roundness neasuring device RA-424

manuf act ur edthey molded artibflesudbyaided pin ¢ompaxatiidre Examplesedduted 18t
measur ed points of the resultant shaft-unified type rotator.
Magni t ude ofwernen-imfieriotS5to thokkei abtained nimcExampleasirddngadddi.ceTha- 424
manuf act ured by M tsutoyo Corp., the nmagnitude of run-out was
measured at results of othQnebhyuaeiensedrershmwnxnnn@ahmetgua resul t ant
shaft - unified type rotator. The magnitudes at two points anong

the three points werghéefotiesk gerapeattaipdar(dheasdzehef a0hollownpant} ude at
the center was defined as a neasured val ue. When t he above

roundness nEREdudet QEIgéotSmbiﬁﬂng and aeesedleintlaai)cierze evillaated,
carried out at a magnitude run- out of about 300 [err]mor nore

dependi ng oRHR}eHiHABIeOfrebli®ts were obtained.

Industrial Application
According to the method for hollow injection molding
10 of the present invention, a shaft-unified type resin rotator
can be obtained by one injection. Therefore, a shaft-unified
type rotator can be obtained not only within a short period
but also stably with one shot. In other words, the method for
hollow injection molding of the pfesent invention is excellent
15 in productivity.
| The resultant rotator obtained by the method of the
present invention has high dimensional accuracy and a good
appearance. In addition, recyclability of materials is
improved comparing to a molded article comprising a metal
20 shaft and a resin.

Consequently, the shaft-unified type resin rotator is
useful in various fields such as automobiles, ordinary
machinery; precision machinery and electric and electronic
equipment. The rotator is especially useful for a paper

25 feeding parts of facsimile machines, copy machines, printers

and the like.



-

mol ded article. Therefore, sanples which could not be 25 neasured by the

measuri ng devi ce were neasured again using a di al gauge.
-34- ", Roughness of roller surface: A machi ne for measuring
surface roughness SURFCOM 575A -AEmuf act ur ed by Tokyo Seim tsu
Co., Ltd. was enpl oyed. A nmeasured val ue of maxi mum hei ght (Rmax)
([err]m was defq4 ged 5 a$ the Jroughmpess afcordijng to{JIS B
0601- 1982. 'S Breaki ng dtrenglh: Jhe br eaki ng s r%ngth was
measured with phRigigels& N & t gst Bng | maghi hevbdel 31185 srarjuf act ur ed
by Instron Coro.%“*-’ ~  |Both ¢nds Thelrollef Werd fTxefl and|a | oad
was put on 10| =% [ he cgnter ¢f thg rollér to preasurje a bfeaking | oad at
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Vs e O

A rmlcf capable of formng a shaft-unified type roller
rol | er part 18 and a shaft part 17 as shown in

15

conprising a
Fig. 9 was enpl oyed.

The nbl d had, as shown in Fig. 12, a aV|ty 7 arranged so that the
axis of the shaft-unified type rolle? be vertical, and a gate 14
equi pped at th '|nt ersection of the bottomof the cavi and-the axis.
20 . ‘ he o I'l oW i nj ektion |nol di hg was carrijed ouf usi g resi|ns
listedin-Tablp & @4ccondipng fofheg fgllowing [stgps| o ° o Oh the
first step, a e B §was mje"tg;i ntg the~ Cavift y&@ 7 | nSan fangunl g
correspondi ng tomb‘%cf t hej i nt erjnal vol ume ¢f thej cavitly usi pg an
I njection nold ng‘ﬁachi ne. P5 - On_tjhe sedond step, g nitrogen das
pressuri zed tof 150] o kg/ cpierr]} was ¢harged intg the fesinl{for 5fsecords
through a e w | o | o 353 ~ [Aressufi zed
gas charging pprt (ngt [shownfim FijguPes a‘fr ng%‘d af & nqzzTe part
linking to a sprge|9aoff the foldirng machine
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»

0.5 second after the injection of the resin on the first step.
On the third step, the pressure of the nitrogen gas
resin*on the second step was naintained f
third,step, the pressure of the

cycl e mas abouf
type rollers w

run-out .
obt ai ned

measured at po

The

magni t ude of

The magni t ude
magni tude at p
t he neasurenen

4

r

as shown in Fi

Table 3

ni t r'gé)'é

5 charged into the

30 seconds.

After the

n gas was released. A nolding

245 Seconys. e resyurtant Jshaft-uni fied
PR B102dval uat pd congernind a hol | ow shéape, r¢undness,
335‘.i+z§ of thelholloy part jwag su;ed at__th¢ section
[T . . (=] :
Y, & 8td iy #he [older |at=poi[nt =B ijn M g.|9.7The¢ roundness was
.ﬁt%uA,é‘E and Jon thé rolldr shown in F{g. 9. The
in-'b8t ®as neaspred af pointls AL B and Clon 1% the roller.
At pol Nt § A and| C wer ¢ defi ned asula standard, and the
Di rg 3B was defi hed as|a | nmeasured value. The results of
a;ré"shom;ﬁn S Tablg 1| 220 ®@npareagive Exanples 1 to
& d [captabl p of forntngla shafft-unifjed?type roller
). ganéavvas enpl oypd. As{shown{in Fig 13, &
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cavipj 7 was arranged in the nold so that the axis of the
shaft*unified type roller be horizontal. Shaft-unified type 25 rollers

were obtained with the sane resins under the same . conditions as in
Exanples 1 to 4 except that the structure”of
-36- - the nmold was different. The results of the neasurenent are
shown in Table 1. Exanples 5 to 13 5 Hol | ow i nj ection
nol di ng was carried out using the nol d enpl oyed in Exanples 1 to 4 and
resins listed in Table 2 according to the follow ng steps.
The pressurizegl gas fharginhg porft 1 wgs arranged at a nofzle part of a
nol di ng nachinag(not shown{ in Fijgures)l in 10 Exafples b, 8, hAnd 11 at a
runner 10 of the nmolf (posjtion A in Fijg. 12] in Exanpl e 6, and 12;
and in the cav gyﬂ7 Df the jnol d (Jpositijon B iin Fig{ 12) |n Exgnples 7,
10 and 13. i
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On the first step, a resin was injected into the cavity 7 in an anount
corresponding to 70 % of the inner 15 volune of the cavity using an

i nj ection nol di ng machi ne. t he second step, a nitrogen gas
pressurized to 100 kg/cnierr] was charged into the resin for 5 seconds
t hraugh one of the pressurized gas charging.ports arranged at a nozzle
part, at a runner and in the cavity 0.5 secgnd af ter] the finjedtion| 20
of the resin on the first step. (nothe| third step, tHe
pressure of the nitrogen gas charged intojtle~rpesin jpn the secoqg $tep
was mnai ntai ned for 30 seconds. After the thﬁdﬂ 5t &p, | tRe présdure of
t he nitrogen gas was rel eased to take out |agnol ded ayticlie frdqm 2%
the nmold. A nolding cycle was about 45 seconds.| 2 The rlesul §ant
nol ded articles were eval uated @ :
-37- according to the same manner as in{Exanples 1Jto 4 The
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resul fs of the measurenent are shown in Table 2. Examples 14 to 16

5 i A nol d capable of formng a shaft-unified type roller
conprising a roller part 18 and a shaft part 17 as shown in Fig. 12
was enpl oyed. The nold had, as shown in . 15, a cavity 7 arranged
so that the axis of the shaft-unified type roller my be vertical
and a circular gate 14 equi pped at the 10 intersection of the bottom of
the cavity and the axis. An additional cavity 26 was arranged
above the cavifty —andHrrkedywti—tie—cav{y by a passage 27 which
was arrgngesl fromthe tgp of the cavily along the extension line
of the axis. The _gvgu of, the additiongl cfvify was 40 % of 15 that of
the cavity. 2 “~ul If - shiot  hol Pow {nj &ti pn nol ding was carried
out accof he fol fow ng $teps. On the first step,
aresin was i to-the cpvty 7lso as-hot to | eave a non-filled
part. 20 » Onjthe setond step, a nftrogenjgas pressurized to 150
kg/cnierr] wag chirged|inko the wesip fer 5| sesonds through a
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pressurized gas charging port (not shown in Figures) arranged at a

nozzle part of the nolding machine 0.5 second after the I njection of
the resin on the first step. 25 5Onthethird step, the pressure
of the nitrogen gas charged into the ’8sin on the second step was
mai nt ai ned for - 38- 30
seconds. After|thdg ®hird 4tep,| the| prepsuré¢ of |t he nitfogen gag wa
rel eased. A noldi ng¥cycode jwas [akou “5) o | wel ogds.g o o «\Whea he
hol | ow si ze of [thd desuTtant rol ded arficl ¢s % Wag Meagsired,” t he restl s
were simlar t¢ §Ho®elof flhe rolde atticlles dbtailned }n anplles 1 to
4. :Fufﬂt her, |the [resul tant nolded|artifcl e werf al o
eval uat ed concé¢rdijnd '\h'_'ol e gengtoh ofw aj ol | ow pagt agoqu he:g ® a ig of
the nol ded art{cid, groundneSs,| runkdut| “The rofndndsS [ as Teasﬂ;red at
poi nts A, Banjg':nﬁ‘ he golddd arjticlp inlFig 9! Thel naghitu
run-out was nmeasirled at pgintg A |B and C
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defi ned as

defi ned as a neasured

the holl ow nol ded article.

re shown in Table 3. Fig. 14 is

St

15

t he axi

A nol d capable of formng a shaft-unified

The magnitude at points A and C were

vi ew al ong

and the nmagni tude at point B was

The results of the nmeasurenment

-
€

on the nol ded article.
Exanpl.es 17 to 19

a stéandard,
a cross-sectional

val ue.
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extension line of the axis. The shape of thé“paésage 27 was
circdtar. A shut-off valve 28 operated with a hydraulic cyl i nder
was arranged around the m ddl e of the pasggge 27. Resins listed in
- Tabl e, 3 were enpl oyed. The vol une of the 5 additional cavity was 40 %
of that of the cavity. Hol | ow i nj ection nol ding was carried
out according to the follow ng steps. On the first
step, a resiWhahs iisnjetaimed nis:state that the cavity 7 and the
additional cavity 26 were separated 10 by the shut-off valve 28, so as
not to | eave a non-filled part in the cavity. On the
second step, a nitrogen gas pressurized to 150 cnferr] was
charged into the resiln Aomeghedcioriprepasigiy & Shaft—“@ﬂé@@dr#YEﬁ Fasin
charging port (not shown in Figures) arranged 15 at a nozzle part of the
mol di ng machiotaths eadonyd aathivddowhpart in thej teside, ofhigle maddiad on t he
first step. On the third step, 0.5 second after the
ni t r ogensgascompriseshegaranginge acmailldetaving &hgateséquipped gtutthef f val ve
28 was opened to link the cavity 7 and the additional cavity 26. A
20 hol | ow pairteirsias o ofd the airdsr efi thenrohateavatg an whigee surface of

a cavity so that the edge surface having the gate may'be the

bottom of the cavity and the axis may be vertical, and

carrying out hollow injection molding.

10
2. A method for preparing the rotator according to
claim 1, wherein the hollow injection molding is carried out

by charging a pressured fluid into a cavity through a gate.

15 3. A method for preparing the rotator according to
claim 1 or 2, wherein the hollow injection molding is carried
out by injecting a molten resin into the cavity so as to leave
a non-filled part,!and subsequently charging a pressurized
fluid into the cavity to spread the resin into the non-filled

20 part.

4. A method fbr preparing the rotator according to
claim 3, wherein the hollow injection molding is carried out
by injecting the resin into the cavity in an amount

25 corresponding to 50 to 90 % of the internal volume of the

cavity.



extruding a part of the resin into the additional cavity 26.

On the fourth step, the pressure of the nitrogen charged into the
resin on the third step was maintained fog a certain period. After
the fourth step, the pressure of the 257 %Ttrogen gas was rel eased to take

out a-nolded article from the nold. A nolding cycle was about 45
seconds. - 40- : When
t he hoIIOM/size Qf the resultant nolded articles was measured, the
results were simlar to those of the nol ded articles obtained in

Exanples 1 to 4. 5. A method Hion Ipmepartiagr ébel rotates degording| @ were
al so 5 eval uated according to the sanme manner as in Exanples 14 to 16.
The resul ts cllsdmshoer 2p Wakkeifi. the gholVow sinjectusn moldingedisi eeariedew
along the axis of the resultant hollow nol ded article. 10 Exanples
20 and 21 out by charging a pressurized fluid into the cavity while

5 injecting a molten resin into the cavity.

6. A method for preparing the rotator according to
claim 1 or 2, wherein the hollow injection moldiné'is carried
out by injecting a molten resin into the cavity, the cavity

10 having an additional cavity linked with the cavity so as not
to leave a non-filled part, and subsequently charging a

pressurized fluid into the resin.

7. A method for preparing the rotator according to
15 claim 6, wherein the hollow injection molding is carried'out
with a mold in which an additional-cavity is arranged above
the cavity and linked with the cavity by a passage arranged
from the top of the cavity along the extension line of the
axis.
20
8. A method for preparing the rotator according to
claim 6, wherein the hollow injection molding is carried out
by arranging a shut-off valve on a passage connecting a cavity
and an additional cavity, injecting a molten resin into the
25 cavity with the valve close, and charging a pressurized fluid

into the cavity with the valve open.



A nDId capable of formng a shaft-unified type roller conprising a

rol | er. part 18, a shaft part 17 and a gear part 19 as shown in Fig. 18
was enployed. The nol d had, as shown g Fig. 19, a cavity 7 arranged
so that the axis of the shaft- 15 wunified type roller be vertical, a gate
.14 equi pped at the I ntersection of the bottomof the cavity and the
paxis, and a pressuri zed gas charging port 1 at a runner 10. Resins
"listed in Table 4 were enpl oyed to carry out hollow1injection nol di ng
according to the ste s a), and (c) shown in Fi On
the first step, are S*v@% &‘ﬁ{ieg?’écé]r'%ﬁ?%% the r‘%ﬁﬁqrya?"o&QlEHoﬁﬂ in
Fig. 20(a), in an annunt correspondi ng to 70 % of the inner volune of

the cavity. ¢laim 1, whereigy, thee h@éé@?’fd-"-@ﬂ@ﬁtlag BALIHNG nig qproimd, puty
nitrogen gas was charged into the resin through a pressurized 25 gas
chargi ng porky Hniecling aresinudnge 20Paukri AF the wholeipaueiabhm @Pacee

resin to forma hollow nolded article_in the
-41- 5 Dbetween the nozzle of a molding machine and the gate, charging

a pressurized fluid from a charging port which is arranged at
a point closer to the noézle of a melding machine than the
point to which an amount of a resin required for molding is
supplied.

10

10. A method for preparing the rotator according to

claim 9, wherein the hollow injection molding is carried out
by injecting a mplten resin ip a part or the whole part of a
space between the nozzle of a molding machine and the gate

15 under the condition that a shut-off valve arranged between a
runner of the mold and the cavity is closed, and subsequently
charging a pressurized fluid under the condition that the

shut-off valve is 6pened.

20 11. A method for preparing the rotator according to
claim 1 or 2, wherein the hollow injection molding is carried
out by using a mold in which a single or plurality of corners

of the cavity is removed.

25 12. A method for preparing the rotator according to

claim 11, wherein the hollow injection molding is carried out



cavity 7. On the third step, the pressure of the nitrogen
charged into the resin was naintained for 30 seconds as shown in Fig.
20(c)~ After the third step, the pressureGQf t he 5 nitrogen gas was
rel eased. A nolding cycle was about 45 seconds. Fig. 21 is a
cross-sectional view of the resultant hol | ow nol ded arti cl e.
The resul tant nol ded articles were eval uated copncernj ng surface
roughness ofP}% M&ing Pemoﬂgrﬂn18h1¢ﬁeth§0°°F%%EI%% %ﬁ@?@ﬁﬁéW||n Tabl e 4.
Further, other properties (the size of a hollow part, roundness and
nagnitude of run-out) were evaluated, and the results were sinilar to
t hose of the nol ded articles obtalned in Exanples 1 to 4.
Exanpl es 22 and 23 13. A method for Qr@pRLing-itde rotatpz §8ﬁ8rﬁ%PE E% in
Exanpl es 20 and 21 except that a gas charging port was not equipped at
t he r uredering 0 2pa shemplioy het bothevyiniechipn dwlding tio wamigdngut
using resins listed in Table 4 in accordance with the steps

5 by using a mold in which the radiused corner at a gate

satisfies the relationships defined by the following formula:
0.1mm < Te = (/ 2-1) X Gt
wherein, in Fig. 5, Gt represents the 1ength of segment CE (C

is an intersection of segment AB and segment DE); and Te

10 represents the length of segment CF (F is an intersection of

the surface of a radiused corner and the bisector of ZACE).

14. A method for preparing the rotator according to

claim 12, wherein the hollow injection molding is carried out
15 by usiné a mold in which the.radiused corner other than the
corner at a gate satisfies the reiationships defined by the

following formulas:

a) 0.4mm = Tg = (/ 2-1)/2 X (T2-T1)
in the case of 5 mm = T2-T1 = T3X2 ; and
20 b) 0.4mm=Tg= (/2-1) X T3

in the case of 5 mm < T3X2 = T2-T1;

wherein, in Fig. 6, Tg represents the length of segment NQ (N
is an intersection of segment IM and segment OP, and Q is an

intersection of the surface of a radiused corner and the



20 shown in Figs. 2(a), 2(b) and 2(c). : On the first step, as

showr in Fig. 2(a), a resin was |nJected into the nold through the
sprue 9 to fill the runner 10. -63- On the second step, as
shown'in Fig. 2(b), a part of 25 the resin at the sprue 9 and in the
runner, 10 were extruded into the caV|ty 7 by charglng a nitrogen gas
froma . ressurized I.pas
char gi ng porkiseghompaf 4L¥Rk; B3 Aeprpgants the 1el“ﬁ€'hnﬁlf-d?§§mﬁﬁth¥‘%e

On the third step, the pressure of the nitrogen charged into the resin
was nalntal d 5al f t d
step, the pressurefgiﬁﬁ?aﬁ% algﬁeg?gggﬂfgasgagggré%ggéggﬁf%q?gﬁgﬂbngg

nol ded article fr Wl aa]bﬁﬂd ggonds.

The result;uﬁ %ﬁﬁéﬁEY%ﬁ%' egh%égg é%g? %P% §H£§ according to the sane

franner. as 'rhéﬁ?%¥’f§;fé%££§%n L +h8%qiameter of a pitch circle when both
5 or either part is shaped in a gear; and T1 and/oxr T2

represents the smallest diameter of a cam when both or either

part is shaped in a cam.

15. A method for preparing the rotator according to
10 claim 11, wherein the hollow injection molding is carried out

by using a mold in which the corner is beveled.

16. A method for preparing the rotator according to
claim 15, wherein the hollow'injection molding is carried out
15 by using a mold in which the radiused corner at a gate

satisfies the relationships defined by the following formula:

0.1 mm < Tf < (¥ 2-1) X Gt

wherein, in Fig. 7, Gt represents the length of segment CE (C
20 is an intersection of segment AB and segment DE); and Tf

represents the length of segment CF (F is an intersection of

the surface of a radiused corner and the bisector of ZACE).

17. A method for preparing the rotator according to

25 claim 15, wherein the hollow injection molding is carried out



10 results are shown in Table 4. Further, other properties (the si ze

of a rfol | ow part, roundness and nagnitude of run-out) wer e eval uat ed,
and the results were simlar to those of _Egg nol ded articl es obtained
in Exanples 1 to 4. 15 Exanples 24 and 25 As shown in

Fig. 23, the sane nold as in Exanples 20 to 23 except that a shut-off

val ve 28 arranged on the_runner _ . 0 was | oyed to carry _out hollow
i nj ecti on niYd Uiy @ mold, 4y ngppsFéﬁ ’Pﬁ‘@ﬁ%e‘:&nﬁr é??é’&ﬁ’ﬂ&ﬁ’@é‘ Feh t he
steps shown in 20 Figs. 24(a),, %b) and (c). . ) . On.the first
step, as sh&RFnsr ofga gate) sakipdipf the relatiopshir Aefined hy Mbed

t hrough the sprue 9 of a nol ding machine in a state that the shut-off
val ve arr andéd-l@wimnge formulasiner 10 was closed to fill the runner. 25
On the second step, as shown in Fig. 24(b), a nitrogen gas was
charged int@)t he 0 gsimm tHroNgE 4/ p2-eBplt i Xe(T5-T4)

5 in the case of 5 mm =< T5-T4 = T6X2 ;
b) 0.4 mm = Th = (/ 2-1) X T6
in the case of 5 mm < T6X2 < T5-T4;

wherein, in Fig. 8, Th represents the length of segment NQ (N
is an intersection of segment LM and segment OP, and Q is an

10 intersection of the surface of a radiused corner andﬁé.he

bisector of ZLNP); T6 represents the length of segment LN; T4

and T5 represent diameters of a shaft part and a roller part,
respectively, when both parts are shaped in cylinders; T4
and/or T5 represents the diameter of a pitch circle when both
15 or either part is shaped in a gear; and T4 and/or T5
represents the smallest diameter of a cam when both or either

part is shaped in a cam.

18. A shaft-unified type rotator obtained by the
20 method of claim 1, wherein a single or plurality of corners is

removed.

19. A shaft-unified type rotator according to claim

18, wherein a single or plurality of corners is radiused.



-43- - gas charging port (not shown in Figures) arranged at a nozzle
part bf the nolding machine. 0.5 second after the nitrogen gas began
to ber charged, the shut-off valve was opggated to link the runner 10
with the gate 14 and to forma hollow 5  nolded article by extruding a
part af the injected resin into the cavity 7. On the
third step, the pressure of the nitrogen charged into the resin was
mai nt ai ned for 30 seconds as shown in Fig. 24(c). After the third
step, the pressure of the 10 nitrogen gas was released. . A nplding cycle
was about 45 set®ndk shaft-unified tYPﬁerP§§EPFaﬂFC%‘FH%‘Ei ta‘?t‘?]%g’& wer e
eval uat ed according to the sane nmanner as_in Exanples 20 to _23. The
resul ts are l$howherginapl 8ingle@F Heluratiier ?ﬁ(ﬁ9§QQQ§sl€tP§VG}§ *size of a
hol | ow part, roundness and magni tude of run-out) wer e eval uated, and
the results were simlar to those of the mol ded articles obtained in
Exanples 1 to 4.

5 21. A shaft-unified type rotator obtained by the

method of claim 1, wherein a ratio of the length of a hollow
part along the axis to the whole length of the rotator along

the axis is 80 % or more.

10 22. A shaft-unified type rotator according to claim
18 or 21, wherein the shape of the hollow part of the rotator

satisfies a relationship defined by the following formula:

< (d1-d2) / d1 = 0.1

wherein, dl1 and d2 represent the longest distance and the
15 shortest distance between the axis and the inner surface of

the rotator, respectively.

23. A shaft-unified type rotator according to claim
18 or 21, wherein a groove is arranged on the surface of the

20 rotator.

24. A shaft-unified type rotator according to claim
23, wherein a groove and a hollow part satisfies a

relationship defined'by the following formula:

25 0.6 = (R2-r2) / (Rl-rl) = 1



Conparative Exanples 5 and 6 20 A shaft-unified type roller

wi t hoyt a hol | ow part was obtained with a nold showmn in Fig. 19
according to the conventional injecitgg,un nol ding, which conprises
injecting a resin, maintaining pressure and cool i ng. Resins Iisted in

Tabl e-.4 were enpl oyed. The pressure mai nt ai ned, the period of

mai nt ai ni ng pressure, the coolin er| were 60 Lo er
seconds and"B8T€dRend8, r%E%%%T? rﬁﬂ%ﬂrufé%ﬂgﬁé %% thb aﬁis which

-44- about 65 seconds. The resul tan ded rtlcles
wer e eval uaiBgludes QCSB?GY?ngP?’Bt{ r‘%lsaoﬂ%%rﬁ?&reffni% nﬂﬁf’ggs 0 to 25.
The results are shown in Table 4

26 t
A roller sh@%ﬁt?ﬁcﬁiQnd25h96§h?Eﬁ$ﬁﬁiQEF?ﬂﬂqqmﬁetWAQ%|ﬁ B%eﬁoPﬁ e The

size of the roller was as follows;
axis and the outer surface of the rotator, respectively; and

5 rl and r2 represent the longest distance and the shortest

distance between the axis and the inner surface of the rotator,

respectively.



Ext ernal di aneter: 20 mm 10 Whol e | engt h: 400 mm
Lengtth of gate land: 2.0 nm In order to prevent the wall of the
resultant nolded article from bei ng thi_nner, the corner of the gate
was radi used as shown in Fig. 5 so that Te be 0.2 or 0.4 nmmas shown
in Table 15 5. Resins listed in Table 5 were enpl oyed. The
resin was injected in the nolten state_into the cavity so as to | eave
a non-filted part in the cavity. 0.5 APStRR€bng after the injection, a
nitrogen gas pressurized to 150 ‘kg/cnferr] was charged into the resin
t hrough the gas charging 20 port arranged at the nozzle part of the nold
for 5 seconds. After charging, the pressure was maintained for 30
seconds, and t HEhepEesent JnveRtigns rRaates| E@sagmethod for hollow

Hol | ow i nj ection nol ding was repeated 1000 shots in each Exanple to
conpar e fredndecitdonofiopding po|MAney RARE-icylazd Yl edkaGenNEer R gAY t her,
ot her properties (the size of a hol | ow part, roundness and magnitude
of run-diit) fiser @ollow injection molding a shaft-unified type resin

rotator with excellent productivity. The molded article
obtained by the present invention is excellent in dimensional

accuracy, strength, surface appearance and recyclability of

materials.



-45- - eval uated, and the results were simlar to those of the nol ded

artictes obtained in Exanples 1 to 4. Exanpl e 29 5
Hol | ow injection nolding was carried out according to t he sane
procedure as in. Exanple 27 except that the corner at t he connection of
the gate land 13™and t he ‘gate 14 was bevel ed ~as shown in Fig. 7
whereas it was radiused in Exanples 26 to 28. The resul tant nol ded
article was evaluated according to 10 the same nmanner as in Exanple 27.
The resulfs are shown in Table 5. Further, other properties (the size
of a hollow part, ~roundness and magni tude of run-out) were eval uated,
and the results were simlar to those of the nolded articles obtained
in Exanples 1 to 4. 15 Exanples 30 to 32 Aroller
shaped as shown in Fig_9 was obtained by

(&) —_

~ m\l

o -

T |

) <

vmmN\:

O

L |-—<t

: oo
SAANAANNN

10

FIG. |(a)



hol | ow i nj ection nolding. The boundary part 16 of the roller I ndi cat es
a bogndary between a roller part 18 and a shaft 17. 20 At the boundary

part 716, -1 or 3 nmradiused corner (Tf) 21 was arranged. The size of
the résultant roller was as fol | ows: Whol e | engt h:

280 nm Rol I 'er |ength: 200 mm . Shaf t

| ength (T3): 40 mm 25 Rol | er dianeter (T2): 40 mm

Shaft dianeter? 20 mm : - 46-
Resins listed in Table 6 were enpl oyed. The resin was

injected into the cavitgei n correspopsi t %pf the
vol une of the cavity 7F(-)]£ wa after the iF;Jcr@.oz trogen gas
which was 5 prelimnarily pressurizgp to 120 kg/cnferr] was charged into

t he resin through a pressurizedgas charging port 1 arranged at
the nozzle part of the nonlding machine The pressure of the

™ ./ e
7
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10
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- |




gas was nai ntai ned for 40 seconds, and then released. Holl ow i njection
mol di*hg was repeated 1000 shots in each Exanple to 10 conpare frequencies
of poor nolding due to | eakage of the gas. The results are shown in
Tabl e’6. Further, other properties (the size of a hollow part,
roundpess and magni tude of run- out) were evaluated, and the results
were simlar to those of t he m)ldecFa nClagsg objai ned in Exanples 1 to
4. 15 Exanple 33 - . Hol omnj Q)) nol di ng was carried
out -according to the sane procedure as in Exanple 31 except that the
radi used corner at the boundary part between the shaft part and the
20 roller part of Exanples 30 to 32 wa ) el ed cor ner,
and eval uation was al so conduct ed acgsy ™ ane manner. The
results are show in Table 6. Further >0 perti s (the size of a
hol | ow part, roundness and nagnikide \ e @val uated, and
the results were simlar to 25 those | es obtained in
Exanples 1 to 4.
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-47- - Exanples 34 to 37 A shaft-unified type roller
havi g grooves 25 on its surface as shown in Fig. 26(a) was obtained
by hol | ow injection nolding. In the nold, a cavity was arranged so
that .'5 the axis of the roller may be vertical, and an additional
cavit.y was set above the cavity. A ga a n on the axi s -of
the bottom of the cavity, -and a cavi trsm.i4Cﬂy t he passage
|l inking the cavity and the additional cavity was arranged on the axis
of the top of the cavity. Further, a 10 shut-off valve was equi pped in
the m ddl e of the passage for 7 t he purpose of optli®nally separating and
linking the cavity and thé additional cavity. { I n
Exanpl es 34 to 37, hollow inject oy Nol di ng was carried outifiéording

)

b

to the same procedure as in Exar 30 15 to 32 except that an inpner
vol ume of the additional cavity changed. The volune in
Exanpl e corresponded to 25, 30, 35, 40 % of the vol une of the
resultant shaft-unified type I6

FIG.4(c)

20

6 —




roller, respectively. The thicknesses (maxi mrum and m ni num
of ttee 20 resultant nolded article were neasured by cutting the article

at point Bin Fig. 26(a). Further, length of the hol l,ow part al ong the
axis of the article was al so neasured. =The run-out was
measured at point B of the nol ded article while“supporting the article

at points AAland Cin Fig. 25 26(a). The neasured value at point B
excl udi ng the val ue at groove par giﬁdﬁi ned as an.eval uated val ue.
- 48- The roundness was tdat point Cin Fig. 26(a).

The results of the neasurenent are shown in Table 7. Further, surface
roughness was al so neasured; it was the sane_degree as that in

Exanples 20 and 21. 5 - Exanpf€XN\pB8T0o 43 -anme rative Exanpl es 7
to 12, A shaft-upbfie Ne paper fd'oI | er as shown in

Sk
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Fig. 27 was obtained by hollow injection nolding. As mentioned in

Tabl e78, a cavity having radi used corners at both 10 its gate and
boundary between a roller part and a shaft part was arranged so that
the axis of the roller nay be vertical. Further, on a runner, a
shut-of f val ve capabl e of optionally ting and |linking the runner
and the cavity was arranged. Fls@l ing was carried out
according to the sanme 15 procedure as in Exanple 20 except that the cavity
and the runner were separated by the shut-off valve until a gas began
to be charged. I n Conparstliye Exanples 7 to 12, nol di ng was
carried out according to the g ' anples 38 to 43

20 except that the cavity in the at the axi s of
the roller may be horizontal. 8 ArtliGcl es obtained in

Exanpl es 38 to 43 had simlar ¢ jart, gas | eakage at
the gate and val ue of breaking 3 ¥he nol ded articles
25 obtained in Exanples 1 to 4 and 26 p-contrary, t he

nol ded articles obtai ned i n Cgrparativ to 12
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-49- - were inferior to those obtained in Exanples 38 to 43. The
results of other evaluations are shown in Table 8. When ot her
properties (the size of a hollow part, frequency of poor nolding and a
breakj'ng | oad) were eval uat ed, 5 the desirable results were obtai ned.

: Exarrp'l es 44 to 49 and Conparative Exanples 13 to 18 ' A
shaft-unified type paper feeding roller as shown in Fig. 28 was
obtained by hollow injection nolding. As 10 nentioned in Table 9, a
cavity having bevel ed corners at both its gate and boundary between a
roller part and a shaft part was arranged so that the axis of the
roller may be vertical. Further, o nnar, a shut-off val ve capable
of optionally separating and linki mg. ;§1ner and the cavity was
arranged. 15 ' Mol di ng was carried out according to the sane
procedure as in Exanple 14 exc%)t that the cavi tlyaand t he

17/ . (
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L

runner were separated by the shut-off valve until a gas began to be

char ged. . In Conparative Exanples 13 to 18, nol di ng was
carrired 20 out according to the sane procedure as in Exanples.44 to 49
excepf’ that the cavity in the nold was arranged so that the axis of §
the roller may be horizontal. The nol ded articles obtained in
Exanples 44 to 49 had simlar size of the hollow part, gas |eakage at .

the gate and 25 value of breaking |load to those of the nolded articles
obtained in Exanples 1 to 4 and 26 to 32. To the contrary,

- 50- the nol ded articles obtained in Conparative Exanples 13 to 18
were inferior to those obtained in Exanples 44 to 49. The results of
ot her eval uations are shown in Table 9. When ot her properties

(the size of a hollow part, 5 frequency of poor nolding and a breaking

| oad) were eval uated, - t he desirabl ?:rleﬁl tf lwlzre )obt ai ned..
. a
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| ndustrial Application © According to the nmethod for holl ow
injection nolding 10 of the present invention, a shaft-unified type resin
r ot ator can be obtained by one injection. Therefore, a shaft-unified
type rotator can be obtained not only within a short period but al so
~stablyy with one shot. In other words, the nethod for hol | ow i nj ection
nol ding of the present invention is excellent 15 in productivity.
The resultant rotator obtained by the nmethod of the present invention
has hi gh di nensi onal accuracy and a good appearance. In addition,
recyclability of materials is i nproved conparing to a nolded article
conprising a netal 20 shaft and a reF”'Lﬁ; 32 Consequently, the
shaft-unified type resin rotator is f in various fields such as -
aut onobi | es, ordinary machi nery, precision machinery and electric and
el ectronic equi pnment. The rotator is especially useful for a paper 25
feeding parts of facsimle machi nes, copy nachiqqs, printers and the
li ke.
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[errj“ ' - 54- [err] - 55- [err].

FIG. 14
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[err‘]— -57- [err]

59-~ What is clained is:-

- 58- [err]

FIG.15
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1. A—nethod for preparing a shaft-unified type resin rotator having a
hol -ow part in the inside, which nethod 5 conprises arranging a nold

havi-ng a gate equi pped at the intersection of the axis of the rotator
and dan edge surface of a cavity so that the edge surface having the
gate may be the bottom of the cavity and the axis may be vertical, and
carrying out hollow injection nolding. 10 2. ‘A nethod for
preparing the rotator according to claim1l1, wherein the holl ow
injection nolding is carried out by charging a pressured fluid into a
cavity through a gate. 15 3. A nmethod for preparing the
rotator according to claim1 or JWEFLE' the hollow injection
nolding is carried out by injectin *n0lI'¥en resin into the cavity so

as to | eave a non-filled part, and subsequently charging a pressurized
fluid into the cavity to spread the resin into the non-filled 20 part.
: i

(

!
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4. A nmethod for preparing the rotator according to claim 3, wherein
the Kollow injection nolding is carried out by injecting the resin
into the cavity in an amount 25 corresponding to 50 to 90 % of the
intergal volume of the cavity.

-60- - 5. A nmethod for preparing the rotator according to
. claim1 or 2, wherein the hollow injection nolding is carried out by
charging a pressurized fluid into the cavity while 5 injecting a nolten
resin into the cavity. 6. A method for preparing the
rotator according to claiml or 2, wherein the hollow injection
nmolding is carried - out by injecting a nolten resin into the cavity,

the cavity 10 having an additional cavity linked with the cavity so as
not '

FIG.17
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to |l eave a non-filled part, and subsequently charging a pressuri zed
fluidiinto the resin. 7. A nethod for preparing the rotator
according to 15 claim®6, wherein the hollow injection nolding is carried
out " with anold in which an additional cavity is arranged above

the cavity and linked with the cavity by a passage arranged fromthe
“top of the cavity along the extension line of the axis. 20 -

8. A nethod for preparing the rotator according to claim6, wherein
the hollow injection nolding is carried out . by arranging a shut-off
val ve on a passage connecting a cavity and an additional cavity,
injecting a nolten resin into the 25 cavity with the valve close, and
charging a pressurized fluid into the cavity with the val ve open.

-61-

FIG. 18 '
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9. A method for preparing the rotator according to claim1l1, wherein
the hdollow injection nolding is carried out by injecting a resin into
a part or the whole part of a space 5 between the nozzle of a nolding
machi pe and the gate, charging a pressurized fluid froma charging
~port which is arranged at a point closer to the nozzle of a nolding
machi ne than the point to which an anount of a resin required for
nolding is supplied. 10 10. A method for preparing the
rotator according to claim9, wherein the hollowinjection nolding is
carried out by injecting a nolten resin in a part or the whole part of
a space between the nozzle of a nolding machine and the gate 15 '
under the condition that a shut-off valve arranged between a runner of
the mold and the cavity is closed, and subsequently charging a
pressurized fluid under the condition Fﬁ’t hjﬁ) shut-of f valve is
opened. 20 11. A nethod for "pre€partng the rotator according to

7
é
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claim<l or 2, wherein the hollowinjection nolding is carried out by

using"a nold in which a single or plurality of corners of the cavity

i s renhoved. 25 12. A method for preparing the rotator
accorging to claim1l, wherein the hollowinjection nolding is carried
out - - 62- by using a nold in
whi ch the corner is radiused. - 13. A nethod for preparing
the rotator according to claim 12, wherein the hollow injection

nol ding .is carried out 5 by using a nold in which the radiused corner at
a gate satisfies the relationships defined by the follow ng formnul a:

(r)éér g?eL;a;r][ hl—el [eﬁgr;'[]h ng]gab Cﬂci C V\/ingr :inni ﬁ-gré.gaé(%)segnent
AB and segnent DE); and Te
7 e

7\ ~ 1|
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10 represents the length of segnent CF (F is an intersection of t he
surfate of a radiused corner and the bisector of [err] ACE).

14. A method for preparing the rotator according to claim12, wherein
the hgllow injection nolding is carried out 15 by using a nmold in which

t he radi used corner other than the corner at a gate satisfies the

rel ationshi ps defined by the fol 'ow ng formul as: a) 0. 4 mm
[err] Tg [err] ([err]2-1)/2 X (T2-T1) in the case of 5 mm[err]
T2-T1 [err] T3X2 ; and 200 b) 0.4 mm[err] Tg [err] ([err]2-1) X T3

in the case of 5 mm[err] T3X2 [err] T2-T1; - wherein, in Fig. 6, Tg
represents the length of segnent NQ (N is an intersection of segnent
LM and segnment OP, and Qis an intersection of .the surface of a

radi used corner and the - 63-

FI1G.21
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bi sector of [err]LNP); T3 represents the length of segnent LN, T and
T2 represent dianeters of a shaft part and a roller part, -

respectively, when both parts are shaped in cylinders; T1 and/or T2
represents the dianeter of a pitch circle when both 5 or either part is
shapéd in a gear; and T1 and/or T2 represents the small est dianeter of
a cam when both or either part is shaped in a cam 15.
A nmet hod for preparing the rotator accordeg Eé ~C|l ai m 11, wherein the
hol l ow injection nolding is carried out lgs. agg a mold in which the
corner is bevel ed. 16. A method for preparing the rotator
according to claim15, wherein the hollowinjection nolding is carried
out 15 by using a nold inware e AU S Ed S COT TR —at oAt e

satisfies the rel ationshi ggdeif ned by e 106l 1 oy ng yor a:

0.1 mm{J[err] Tf [err]l g[erlj 1) G wheréin, An Brg. £,

represents the |ength' bf deghen S

C
11




20 is-an intersection of segnment AB and segnent DE); and Tf represents
the l-.ength of segnent CF (F is an intersection of the surface of a
radi used corner and the bisector of [err] ACE). 17. A

met hod for preparing the rotator according to 25 claim15, wherein the

hol l ow injection nolding is carried out

- 64- by using a nold in which the bevel ed corner other than the
corner of a gate satisfies the relatio i dzé' ed by the foll owi ng
f or mul as: a) 0.4 m[err] Th [?”}G{ 3'2-1)/4 X (T5-T4) 5

Iin the case of 5 mm[err] T5-T4 [err] T6X2 b) 0.4 mm[err] Th [err]
([err]2-1) X T6 in the case of 5 mMm[err] T6X2 [err] T5-T4;
wherein, in Fig. 8 Th rep '

|| —t




s an<intersection of segnent LM and segnent OP, and Qis an 10

I ntersection of the surface of a radiused corner and the bi sect or of
[err]LNP); T6 represents the length of segnent LN, T4 and T5 represent
di anet’ers of a shaft part and a roller part, respectively, when both
parts’ are shaped in cylinders; T4 and/or T5 represents the dianeter of
a pitch circle when both 15 or either part is shaped in a gear; and T4
and/or T5 represents the small est dianeter of a cam when both or

ei t her part is shaped in a cam 18. A shaft-unified
type rotator obtained by the 20 nethod of claim1, wherein a single or

Cype rotdtor according tdc Iﬁ?@f"(g) wherein a SFQFQAZ%Q‘T{L' of

corners is radiused.
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20. Aﬁshaft-unified type rotator according to claim 18, wherein a

"singl#e or plurality of corners is bevel ed. 5 21. A

-shaft-unified type rotator obtained by the nmet hod of claim1, wherein
a rati'o of the length of a holl ow part along the axis to the whole
| ength of the rotator al ong the axis is 80 %or nore. 10

' 22. A shaft-unified type rotator according to claim 18 or 21, wherein
.the shape of the hollow part of the rotator satisfies a relationship
defined by the follow ng fornula: O [err] (dlI-d2) / dl [err]
0.1 wherein, dl and d2 represent the |ongest distance and the 15
shortest distance between the axis and the inner surface of t he
rotator, respectively. 23. A shaft-unified type rotator
according to claim 18 or 21, wherein a groove is arranged on the

surface of the

- F1G.25




| -
120 ratator. 24. A shaft-unified type rotator according to

: cl ai n# 23, wherein a groove and a hollow part satisfies a
i relattonship defined by the following formula: 25 0.6 [err]
P (R2-r2) | (R1-r1) [err] 1 - 66-
i wherein, in a cross-sectional view vertical to the axis which i ncl udes a
%groove part, RL and R2 represent the | ongest di stance and the shortest
i di stance between the center of the axis and the outer surface of the
"rotator, respectively; and 5 r1 and r2 represent the |longest di'stance and
t he shortest di stance between the axis and the inner surface of the
r ot at or, respectively.
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