P TLE OF THE | NVENTION Hol | qw, fesin nechanical part having a shaft
‘integrally formed therewith and an injection nolding nethod for producing
the sanme 5 BACKGROUND OF THE | NVENTI ON Fi el d of The

I nvention The present invention relates to a hollow, resin nmechanical part
having a shaft integrally formed there- with. Mre particularly, the
present invention is 10 - concerned with g hollow, resin mechanical part
~having a shaft integrally formed therewith, conprising a hollow, integral,
“functional segnment-shaft structure conprising at |east one functional resin

-segnment, and a resin shaft coaxi al |'yrriLptEeEr PdE yINwENEDNY t h t he functi onal
15 segnment, wherein the hollowof the hollow, Integral segnent-shaft
structure has a relHatlilosd,y dezige mephaniicall pagithhagting aekhhfteinteghally
entire length of the integral segnment-shaft structure. The nechanical part
of the present invéormed khenestithnlanpdhiagh idijeetdoanablding mephedi foen and
excellent material -recycling characteris- tics, but also can be produced

wi th high producti pnogucting Fhessame nvention-is also a concerned with an

i njection nol.ding method for producing this nechanical part. 25
Di scussi on OP Rel ated Art BACKGROUND OF THE INVENTION

Field of The Invention
The present inven;ion relates to a hollow, resin

mechanical part having a shaft integrally formed there-
with. More particularly, the present invention is

10 concerned with a hollow, resin mechanical part having a
shaft integrally formed therewith, comprising a hollow,
integral, functional segment-shaft structure comprising
at least one functional resin ségment, and a resin
shaft coaxially, integrally formed with the functional

15 segment, wherein the hollow of the hollow, integral
segment-~shaft structure has a relatively large specific
length ratio relative to the entire length of the
integral segment-shaft structure. The mechanical part
of the present invention has nof only high dimensional

20 precision and excellent material-recycling characteris-
tics, but alsoc can be produced with high productivity.
The present invention is also a concerned with an
injection molding method for producing this mechanical
part.

25 Discugsion Of Related Art



-2- Mechanical parts having a shaft unitarily formed therewith are w dely
used in various fields, such as autonobiles, ordinary machinery, precision
machi nery and el ectric and el ectronic equi pnent. 5 In general, a
resin nmechanical part having a shaft unitarily fornmed therewith is produced
by (1) an insert nolding nethod in which a netallic shaft is used, (2) a
met hod in which a nmechanical part is carwe@ eut of a resin nmass, or (3) a
hol | ow i nj ection nol di ng nmet hod. 10 At the outset, nethod (1)
ment i oned above is explained. A nolten resin undergoes shrinkage upon
cooling. Therefore, wh¥gchandsapopPrsks hayingnacshatft saitazxddyhdermgda
shaft integrally fornmed therewith is produced by injection nolding, the
resin thi ckness 1therewith, are,midgdyomsed dng¥agigus; fdedrsre Suche as
shrinkage of the resin shquld al sqQq becone [arge, so that .the resi.n
nmechani cal part béB&R@Q%B38§'iﬁrﬁFﬁéﬁyiEﬁg lﬁ% VsPGﬁFl?ﬁgndWﬁgﬁépﬁﬁg
precision of a mechanigal part is usually expressed in terns of the
coaxality and 20 and gc&gépegngfe.gﬁﬁrﬁa&c_eq%ﬁgwepﬁé mechani cal part is

a toot hed wheel (gear)TP;pgg%%gggﬁgo%%giﬂrﬁgkﬁ%ﬂﬁcghsgﬁggch%QQEgtges gF

di mensi onal precision of _ en the nechanical part 7s"a ro
the dimensional pyagar3n9" rahmed RELYERT thY isngrbadlbly by 8y @8n insert

non- hol | ow, 25 resin mmechanical part having a shaft integrally forned
molding method in which a metallic shaft is used, (2) a
method in which a mechanical part is carved out of a
resin mass, or (3) a hollow injection molding method.
= 10 At the outset, method (1) mentioned above is
explained. A molten resin undexrgoes shrinkage upon.
cooling. Therefore, when a non-hollow, resin mechani-
cal part having & shaft integrally formed therewith is
produced by injection molding, the.resin thickness
15 inevitably becomes large and, therefore, the shrinkage
of the resin should also become large, so that the
resin mechanical part becomes poor in dimensional
precision. The dimensional precision of a mechanical
u) part is usually expressed in térms of the coaxality and
20 the degree of "run out". When the mechanical part is a
toothed wheel (gear), the dimensional precision also
includes the dimensional precision of teeth, and when
the mechanical part is a roller, the dimensional preci-
sion also includes cylindricality. When a non-hollow,

25 resin mechanical part having a shaft integrally formed



-3- therewith is produced by injection nolding, there is also a
di sadvantage in that the tinme required for solidifying the nolten resin is
prol onged due to the large resin thickness, so that the cycle tinme of nold-
5 ing is prolonged, leading to a | ow productivity. For solving the
above problens, nethod (1) nentioned above, i.e., an insert nolding nethod
using a netallic shaft was proposed in whixXh an increase in the resin
t hi ck- ness can be avoided. 10 Met hod (2) nentioned above, in
whi ch a nmechani cal part having a shaft integrally forned therewith is
carved out of a ridsinewidd drs tHreduded by iadestispeseddimahdhaneerds s no
probl em of shrinkage of the resi.n and a nechani cal, part havzﬁg ood '
t

di mensi onal precialsgs @ disgdyantagepdoftdthddie mBadifRed (3)
ront1 oned above: d L MUEN % TSCISL Cal, Rl kA Sl J S Y
0 Unexan ned JoRaNea JRUST R 0 Thar, ISR SR A0
e AL AR, TG J AR 5 oimss
solving the above problems, method (1) mentioned above,
i.e., an insert molding method using a metallic shaft
was proposed in which an increase in the resin thick-
ness can be avoided.

10 Method (2) mentioned above, in which a mechanical
part having a shaft integrally formed therewith is
carved out of a resin rod or the like, is advantageous
in that there is no problem of shrinkage of the resin
and a mechanical part having a good dimensional preci-

15 sion can be obtained.

Examples of method (3) mentioned above, in which a
mechanical pért having a shaft integrally formed there-
with is produced by hollow injection molding, are:
disclosed in Unexamined Japaneée Patent Application

20 Laid-Open Specification No. 5-208460 and DE Publication
No. 3835964. 1In each of these publications, a molten
resin is injected into a mold cavity to form a molten
resin mass in a manner such that a space substantially
non-filled with the molten resin mass remains in the

25 cavity, and, subsequently, a gas is introduced into the



non-filled with the nolten resin mass remains in the 25 cavity, and,
subsequently, a gas is introduced into the -4- nolten resin mass to form
a hollowwithin the nolten resin mass, thereby form ng a shaped, hol | ow
resin article. This nethod was proposed so as to sinplify the process for
producing a roller having a shaft 5 integrally formed therewith and to
achi eve lightness in weight of a mechanita part (and al so to inprove
econo- ny due to a decrease in the anobunt of a resin to be used). However,
met hod (1) nentiagn above js disaQ§?” a- 10 eous, . n t

necessary to i nvdie-Sh TRt i B P St rﬁﬁ%ﬁ+?cgﬁéw#$l+§nset in
Ld : ; \ LD \ . .
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involving the step.d{l) .”Sﬁfﬁiff}n odvmé)sf, rﬁréﬁé@é&% Sé‘é‘fé% s d{éﬂ‘ , I

respect of environ- nental protection Icit1s a social problemYecently

drawi ng attentionhdrelfndedd ) s MASIBAR G d ed 1B r HAPGIGEH CahaPart

produced by this method is a unified structure conprised of a netal and a

- resin, so shat itirdbgrally fhiddsWHedrS@PHRM 6cd K BSTe {1gHRA&Es "B al
and, therefore, it is difficult to recycle these material s.
weight of a mechanical part (and also to improve econo-
my due to a decrease in the amount of a resin to be
used).
However, method (1) mentioned above is disadvanta-
- 10 geous in that it is necessary to involve an additional
step in which a metallic shaft is set in a mold cavity
in order to insert it in the resin and, therefore,
productivity becomes low, as compared to the hollow
injection molding not involving the step for insertion
15 of a metallic shaft. Further, in respect of environ-
mental protection which is a social problem recently
drawing attention, method (1) has problems in that a
mechanical part produced by this method is a unified
structure comprised of a metal-and a resin, so that it
20 is difficult to separate the resin from the metal and,
therefore, it is difficult to recycle these materials.
Method (2) which involves a cutting operation, is
disadvantagedus in that a long time and a large amount
of work are needed, so that productivity is poor, as

25 compared to the injection molding method.



Met hod (2) which involves a cutting operation, is disadvantageous in that a
long time and a | arge anount of work are needed, so that productivity is
poor, as 25 conpared to the injection nolding nethod. -5- The net hod
di scl osed i n Unexam ned Japanese Patent Application Laid-Open Specification
No. 5-208460 and DE Publication No. 3835964, which is nethod (3), is

di sadvant ageous in that the length L(b) o+ & khollow as 5 nmeasur ed al ong
a long axis of the hollow resin struc- ture is small relative to the entire
| ength L(a) of the hollow resin structure, so that during the nolding, the
mol ten resin mass has aTher megshodhdiscipsedr énsUnexangneflf Jepapesg Patent

hollomfforn1ng gas cannot be exerted and 10 this portion becones poo

i n di mensi onal pr e@ppildgatépaciridaPpgn 5§th§lﬁé¢P9W N@3|ﬁ'§PﬁdéPuP€

di scl osed i n Unexani ned_Japanese Patent Ag | ication Laid- Speci f,i cati-on
No. 5-208460, a poPEi SWbdicafkdonodrneddif gﬁfaWBlﬁhpéthﬁﬁ ﬁﬁé'sﬁéft

whi ch portions eac

the hol I ow resin sBﬁﬁegﬁﬁgt%é%8§%§gkfghg%e%Sth gﬁnﬁﬁgp ngﬁoﬁg}ﬁggé%%
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hol | ow extendi ng t structureée
ture is small relative to the entire length L(a) of the
hollow resin structure, so that during the molding, the
molten resin mass has a portion where the pressurizing
effect of a hollow-forming gas cannot be exerted and
" 10 this portion becomes poor in dimensional precision.

Specifically, in the hollow resin structure disclosed
in Unexamined Japanese Patent Application Laid-Open
Specification No. 5-208460, a portion of the toothed
wheel and a poftion of the shaft which portions each

15 are located at one of the terminal regions of the
hollow resin structure opposite to the other terminal
region thereof having 'an opening corresponding to the
gate of the mold employed have no hollow extending
therein, and thé hollow resin éfructure has an

20 L(b)/L(a) of only about 0.8. Likewise, in DE Publica-
tion No. 3835964, portions of the shaft which are
located at both longitudinal ends of the hollow resin
structure have no hollow extending therein, and the
hollow resin structure has an L(b)/L(a) of only about

25 0.67. The techniques of thése publications have seri-



20 L(b)/L(a) of only about 0.8. Likew se, in DE Publica- tion No.
3835964, portions of the shaft which are |located at both | ongitudinal ends
of the hollow resin structure have no holl ow extending therein, and the
hol l ow resin structure has an L(b)/L(a) of only about 25 0.67. The
techni ques of these publications -have seri - -6- ous defects in that the
portions of the resin having no holl ow extéendi ng therein are unlikely to
receive the pressurizing effect of a hollowformng fluid during the

nol ding, so that the reproduction of the cavity 5 wal | on a hol | ow
resin structure Pb‘soéiep'-r%ﬁﬂf-te‘d‘ fhedmdh e RAT NS RF iR R8I PHFHRT Hdn

Is | owered. Wen_a chani cal,part _having a shaft,.inteqrally forned there-
with has poor di ﬁ&};%%aﬁx%% d}pe&%{\garq {any Y %t?rﬁ%crﬁlvs%c %s a

t oot hed wheel, a _shaft ar .the ljke t-he functj. . hani ca
part as a whol e PEEREE n& a%éfééecdtte?f I130|h° or%'l%(;é’,r%vﬁ rl41qai]'e&s]'r|c%ieec Y50
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entire mechani calpcRa tarRKHHY EinersAldifal precision is lowered. When a
mechanical part having a shaft integrally formed there-
with has poor dimensional precisién even at its local
portion, such as a toothed wheel, a shaft or the like,
10 the function of the mechanical part as a whole is
adversely affected. For example, with respect to a
mechanical part having a shaft integrally formed there-
with, even when only a portion of the shaft which is
located at one end of the mechanical part is poor in
15 - dimensional precision, there is a serious problem that
when the mechanical part is revolved on an axis of the
shaft, the entire mechanical part exhibits a large,
non-coaxial run-out movement.
Further, in either of thesé publications, a molten
20 resin is injected into a mold cavity to form a molten
resin mass in a manner such that a space substantially
non-filled with the molten resin mass remains in the
cavity, and, subsequently, a gas is introduced into the
molten resin mass to form a hollow within the molten

25 resin mass, thereby forming a shaped, hollow resin



non-coaxi al run-out nmovenent. Further, in either of these publications, a
nol ten 20 resinis injected into a nold cavity to forma nolten resin
mass in a manner such that a space substantially non-filled with the nolten
resin mass remains in the cavity, and, subsequently, a gas is introduced
into the nolten resin mass to forma hollow within the nolten 25 resin
mass, thereby formng a shaped, hollowresim - -7- article. However, a
shaped, hollow resin article produced by this nmethod is |likely to have on
its sur- face an annularly extending area of tiny concaves and convexes,
which is called "hastialeon HaweVersoatsiaaped, hollowspeeiragsvticlee
appear ance and di nensi onal grecigion becone | ess satisfactory. The
hesitation mark isprofueaf HEftkisanethed hetlthel¥® BOphavBecARdeépEnd8PAD on
t he nmor phol ogy of the hollowresin article, However, it is desired that a
hol | ow resin arti cEaCBoaRopNARYRTAY 18xtending; 8582 onf nhiRY cRRcR¥ed 2N
know edge of the present inventors, the present |pventors haye madg the
fol l ow ing presunpPPBR*GFr hWireS et?.?%lfﬁg cgﬁiég%Fl?ﬂemﬁfgur-s?eﬁBQQOf
the hesitation mark. The cause_of_ihe_hesita- tion 'g
when a nnl;éﬁ resiﬁnigowﬁ-giggs' t#%c?@ﬁé?ﬁs%cé %%?g@%§$#§§b %ifggﬁ%ggion
mol ten resin mass become less satisfactory. The hesitation mark is a
local defect and may not cause a problem depending on
the morphology of the hollow resin article. However,
it is desired that a hollow resin article do not have a
© 10 hesitation mark. Based on knowledge of the present
inventors, the present inventors have made the follow-
ing presumption with.respect to the cause of the occur-
rence of the hesitation mark. The cause of the hesita-~
tion mark resides in that when a molten resin is in-

15 jected into a mold cavity to form a molten resin mass
in a manner such that a space non-filled with the
molten resin mass remains in the cavity, the flowing
and spreading of the molten resin so as to contact the
entire region of the cavity wall are temporarily

20 stopped until a gas is introduced into the molten resin
mass to form a hollow within the molten resin mass.
More specifically, when a molten resin is injected into
a mold cavity, the molten resin immediately starts to

solidify by cooling. However, when the flowing and

25 spreading of the molten resin are temporarily stopped



in a manner such that a space non-filled with the nolten resin nass remains
_in the cavity, the flow ng and spreading of the nolten resin so as to

= contact the entire region of the cavity wall are tenporarily 20 st opped
until a gas is introduced into the nolten resin mass to forma hol | ow
within the nolten resin mass. Mre specifically, when a nolten resin is
injected into a nmold cavity, the nolten re8in i mediately starts to

so:idify by cooling. However, when the flownng and 25 spreadi ng of the
nmolten resin are tenporarily stop in the cavit s _describe
above, the contac%ﬂhﬁh%fcﬁﬁhﬁﬁn?ﬁr@P?%@&?ﬁFo@b?ﬁ%'c et gﬁg??ghfgh ?hghe

nol t t b dl hj d

bot lhei; gifl {‘OEZSP"W&;E%% G Ui ey LET d LT Sl By Do DRGLERA €8
early stage an h

thet!ater ?t?%e %%%nﬂt ?ﬁfa% 3%%e§é%%%€%§ af&%%fﬁ% % gﬁ %ﬁggﬁkggF%
portions o e regi f

avi ty wall. 10 SF Both'§pBEELEh SELERL LD ziﬁﬁzééﬁ?ﬁzﬁﬁ%ﬁﬁihﬁﬁﬁh?f e

met hods hawe vari Qus; %%&fﬁm“@%'&ri Vs P5QEUSHA VA - pb¥t1iBROGE the

mat eri al -recycling ch acteristics glnen- si onal precision and

occurrence of a hgsiiRtwROcHBEEntacts the cavity wall in the later
stage. The hesitation mark occurs at the boundary
between both portions of the resin which are different
in the timing of contacting the cavity wall.

" 10 As apparent from the above, the conventional
methods have various problems, namely, low productivi-
ty, poor material-recycling characteristics, low dimen-
sional precision and occurrence of a hesitation mark.

SUMMARY OF THE INVENTION
15 The present inventors have made extensive and
intensive studies with a view toward solving the

above-mentioned diffiéult problems of the prior art.

As a result, it has unexpectedly been found that in a .

p

hollow, resin mechanical part Having a shaft integrally

20 formed therewith which is produced by subjecting a
resin to hollow injection molding and comprising a
hollow resin structure adapted to be supported by
bearing means at the shaft and revolved on the axis of
the shaft to thereby exert a function of the hollow

25 resin structure, when the hollow of the hollow resin



SUMVARY OF THE | NVENTI ON 15 The present inventors have nade

extensive and intensive studies with a view toward sol v

I ng the

above-nmentioned difficult problens of the prior art. As a result, it has

unexpectedly been found that in a hollow, resin mechan

cal part

havi ng a

shaft integrally 20 formed therewith which is produced by subjecting a
resin to hollow injection nolding and coArp®ising a hollow resin structure
adapted to be supported by bearing neans at the shaft and revol ved on the

axis of the shaft to thereby exert a function of the ho

|l ogw 25

sin

. re
structure, when thtrackthoe shtinéieel the reiahionshipssdefiépaieb¥athefies
: [err] wherein L(a)
represents the enfPléowingt Kosmulfe(l): hol | ow resin structure as

the relationships defined by the following formula (1):

measured al ong the axis thereof, and L%b) reprgfents th
hol | ow as measured al ong t heDaRi & H(PYhE(RdI Bow resin s
does the nechani cal part have bigh dinensiopal 10 .

it can be produced wtH ﬁF&ﬁnpgég)dﬁgPFﬁﬁ?V.sTﬁéep?ggé%
conpl eted, ¢

frycretn
S

of the
not only
oULnal so

on has been

hollow resin structure as measured along the axis

thereof, and L(b) represents the length of the

hollow as measured along the axis of the hollow

resin structure,

not only does the mechanical part have high dimensional

" 10 precision, but also it can be produced with high pro-

" ductivity. The present invention has been completed,

based on this novel finding.

It is, accordingly, an object of the present

invention to'provide a Hollow, resin mechanical part

15 having a shaft integrally formed therewith which has

not only high dimensional precision but also excellent

material-recycling chdracteristics, and which can be

produced with high productivity.

It is another object of the present invention to

20 provide a hollow injection molding method for producing

the above excellent hollow, resin mechanical part

having a shaft integrally formed therewith.

It is a further object of the present invention to

provide a hollow injection molding method for producing

25  the above excellent hollow, resin mechanical part



based on this novel finding. It is, accordingly, an object of the present

i nvention to provide a hollow, resin nechanical part 15 havi ng a shaft
integrally formed therewith which has not only high di nensional precision
but al so excellent material -recycling characteristics, and which can be
produced with high productivity. It is another object of the present

I nvention to 20 provide a hollow i nj eclifom nol di ng net hod for producing
t he above excellent hollow, resin nmechanical part having a shaft integrally
formed therewith. It is a further object of the present |nvent|on t.0

provide a hol | ow PAVYERS; énshﬁfféh &Qtﬁsﬁfﬁé&Yf épraeédﬁéﬁﬁngﬁ + Wherelimfihe
e he e ek R o bt PR Ml
con T nuouely ot ogie UL HATE MG e B WO Swenln,
ISR ot o a3 e 4 SO R
taken in cognecti gagWirkiibRemaskonpanyi ng dr aw ngs.
The forégoihg and other objects, features and /
‘advantages wiil be apparent to those skilled in the art
from the following detailed description and claims
taken in connection with the accompanying drawings.
" 10 BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings:
Fig. 1 is a.diagrammatic side view of one form of
a roller having a shaft integrally formed therewith
produced by a method which is similar to but undesira-
15 bly different from the method of the present invention;
Fig. 2 is a diagrammatic side view of another form
of a roller having a shaft integrally formed therewith
produced by a method which is similar to but undesira-
bly different from the method df the present invention;
20 Fig. 3 is a diagrammatic side view of one form of
a roller having a shaft integrally formed therewith
according to the present invention, shown with an
auxiliary chamber used in the production thereof indi-

cated by a broken line;

25 Fig. 4 is a diagrammatic cross-sectional view of



10 : BRI EF DESCRI PTI ON OF THE DRAW NGS | n the acconpanyi ng
drawings: Fig. 1 is a diagranmmatic side view of one formof a roller having
a shaft integrally formed therewi th produced by a nmethod which is sinilar
to but undesira- 15 bly different fromthe nethod of the present
invention;, Fig. 2 is a diagranmmtic side view of another formof a roller
havi ng a shaft integrally fornmed therew #hlpreduced by a nethod which is
simlar to but undesira- ny different fromthe nethod of the present

i nvention; 20 is a diagrammatic side view of one formof a
rol ler having a sﬁhﬁtrPﬁiEﬁraPYyngoﬁn%Hafﬁe%@ﬂ?gﬁabéﬁofeFﬁgdtBh?ﬁﬁwaésent

i nvention, shown th.an auxiljary chanber used i roduction there
indi - cated by a BFokef-| tnetahsn afong a ﬁtlﬁagspgaﬂgaﬁ?ﬁﬁﬁﬁP?Eg Ehe!

cross-sectional V|em/of hthe 9 rer having a shaft integrally forned
t herewi th of Fig 15, Qkeh 3I53£ S Vertical pl ane containing the axis of

the roller; Fig. 5 s ?fg'agrfgnﬁt g%ﬁ@ﬁagf8éé98§§-¥%8 i8£a}h9iéﬁ'6?r

havi ng a shaft integra forned t en along a

vertical plgine cophai plagetNgagkhs QfSﬁthrchcs&raﬂ? £6£A%d! Ehlrewith

di agrammati c cross-sectional
of Fig. 2, taken along a vertical plane containing the

axis of the roller;

Fig. 6(a) is a diagrammatic cross-sectional view

of the roller having a shaft integrally formed there-
10 with of Fig. 3, taken along a vertical plane containing
the axis of the roller;

Fig. 6(b) is a diagrammatic cross-sectional view
of another form of a roller having a shaft integrally
formed therewith according to the present invention,

15 taken along a vertical plane containing the axis of the
roller;

Fig. 7 is a diagrammatic cross-sectional view of a
further form of a roller hav1ng a shaft integrally

formed therewith according to the present invention,

20 taken along a vertical plane containing the axis of the
roller;

Fig. 8 is a diagrammatic side view of a further
form of a roller having a shaft integrally formed
therewith according to the present invention, shown

25 together with an auxiliary chamber used in the produé-



of the roller having a shaft integrally forned there- 10 with of Fig.
3, taken along a vertical plane containing the axis of the roller; Fig.
6(b) is a diagrammatic cross-sectional view of another formof a roller
having a shaft integrally formed therewith according to the present

I nvention, 15 taken along a vertical plane containing the axis of the
roller; Fig. 7 is a diagrammtic cross-secftZoral view of a further form of
a roller having a shaft integrally forned therewith according to the
present invention, 20 taken along a vertical plane containing the axis
of the roller; Fi§ioB F@eaeeﬁagnaﬁﬁageé byde brekesf La™further formof a
roller having a shaft integrally fqrned therewith accordin% to t erngggnt

i nvention, shown 25  Fifogdt A&r RIZAMRALAC) SifecKiflePTuSRE R

duc- - 12 - ti th f indicat b br ok ine: . .Fig. .9 I :
(i agrammat ¢ s de® FIPSRAGRETs BinPof oY LEB BT Rar GROSReR PFFd: MaNiRg 2
t oot hed wheel havi Rt f A ] ' to the 5
prosent | nvent i onSHfoua L SYEPRLT sprhed, ShERErLER, SUELRATRE D Be' D
production ghereohrbBdhtaifde¥iBn, shown together with an auxiliary

chamber used in the production thereof indicated by a
broken line;
Fig. 10(a) is a diagrammatic cross-sectional view
of one form of a toothed wheel having a shaft integral-
" 10 ly formed therewith according to the present invention,
taken along a vertical plane containing the axis of the
toothed wheel;
Fig. 10(b) is a diagrammatic cross-sectional view
of the toothed wheel of Fig. 10(a), taken along the
15 line X-X, in which a part of teeth is not shown;
Fig. 10(c) is a diagrammatic cross-sectional view
of the.toothed_wheel of Fig. 10(a), taken along the
line X'-X';
. Fig. 11 is a diagrammatic cross-sectional view of
20 a further form of a roller having a shaft integrally
formed therewith according to the present invention,
taken along a vertical plane containing the axis of the
rollef, shown together with an auxiliary chamber used
in the production thereof indicated by a broken line;

25 Fig. 12 is a diagrammatic side view of one form of



broken line; Fig. 10(a) .is a diagrammtic cross-sectional view of one form
of a toothed wheel having a shaft integral- 10 ly fornmed therewith
according to the present invention, taken along a vertical plane containing
the axis of the toothed wheel; Fig. 10(b) is a diagrammtic cross-sectional
view of the toothed wheel of Fig. 10(a), taken along the 15 line X-X
in which a part of teeth is not shown; Fi-g.130{c) is a diagrammtic
cross-sectional view of the toothed wheel of Fig. 10(a), taken along the
line [err]; Fig. 11 is a diagranmmatic cross-sectional view of 20 a

further formof a& @revethviglgler dtering i ahafit \intagrad hdamad
according to the present invention, taken along a vertical plane containing
the axis of the rMeFSWiHbAFIUGETHRL I TP RFRABNY i1%P er used in
L oFoaect L0, e ool Lol S8 5 Y ANAER 0 S neprignad il 5 °
1315 a di agr ammi e GREECAIIE G dAr The GO0 At 14 ok o, T2
taken alongsthelii¥EI-XIII, shown together with an auxiliary chamber
used in the production thereof indicated by é broken
line;
Fig. 14 is a diagrammatic explanatory view illus-
trating how a roller having a shaft integrally formed
10 therewith is measured with respect to the degree of run
out;
Fig. 15 is a diagrammatic cross-sectional view of
a further form of a roller having a shaft integrally
formed therewith according to the present invention,
15 taken along a vertical plane containing the axis of the
roller;
Fig. 16 is a diagrammatic cross-sectional view of

a further form of a roller having a shaft integrally

formed therewith according to the present invention,

20 taken along a vertical plane containing the axis of the
roller;

Fig. 17 is a diagrammatic side view of a further
form of a roller having a shaft integrally formed
therewith according to the present invention, shown

25

together with an auxiliary chamber used in the produc-



XI11-XI1l, shown together with an auxiliary chanber used in the production
thereof indicated by a broken line; Fig. 14 is a diagramuatic expl anatory
viewillus- trating how a roller having a shaft integrally formed 10
therewith is nmeasured with respect to the degree of run out; Fig. 15 is a
di agrammati c cross-sectional view of a further formof a roller having a
shaft integrally forned therewith accordingl4o-the present invention, 15
taken along a vertical plane containing the axis of the roller; Fig. 16 is
a diagrammatic cross-sectional view of a further formof a roller having a

shaft integrally feloRdthaeeed tndieatrdiRy 2 P¥ekendr bERBE i nvention, 20
270 agr ammat o oi de.vi hFST  BET P RGILFBFAIAC A rOFPRT RATHhGRAL oKbpY OF
ptearally, foreo {hEebLD PEERIdL 0 ARCALE L PSEILs ANGIRASR oRPRLD 25
LPgLE?LeL??LﬁZfeSi%ﬁ?%?Pé?kfnf&Lﬁéa Eﬂé&e&ftﬁSaéb&@@@ﬁ@ngaléﬁe present
5 invention, showing portions around the opening;
Fig. 19 is é diagrammatic cross-sectional view of
a further form of a mechanical part having a shaft
integrally formed therewith according to the present
invention, showing portions around the opening;

'_10 Fig. 20(a) is a diagrammatic explanatory view
illustrating how one mode of the hollow injection
molding method according to the present invention is
practiced, showing portions around the gate;

Fig. 20(b) is a diagrammatic plan view showing
15 recess 18 of the mold cavity of Fig. 20(a), as viewed
from just above recess 18, with runner 20 of Fig. 20(a)
being omitted;
Fig. 21(a) is a diagrammatic explanatory view
illustrating how another mode.df the hollow injection
20 molding method according to the present invention is
practiced, showing portions around the gate;
Fig. 21(b) is a diagrammatic plan view showing
recess 18 of the mold cavity of Fig. 21(a), as viewed

from just above recess 18, with runner 20 of Fig. 21(a)

25 being omitted;



a further formof a mechanical part having a shaft integrally forned
therewith according to the present 5 I nvention, show ng portions around
the opening; Fig. 19 is a diagranmatic cross-sectional view of a further
formof a mechanical part having a shaft integrally formed therewith
according to the present invention, show ng portions around the opening; 10
Fig. 20(a) is a diagrammtic expl anatory-viBwillustrating how one node of
the hollow injection nolding nmethod according to the present invention is
practiced, showing portions around the gate; Fig. 20(b) is a di t|c
pl an vi ew showing 15 Figreddsisis diagnemmaFaCea9r9§SoFeFFg°n98(§¥P
viewed from just above recess_ 18, with runpner

omtted; Fig. 21(8FoF¥ HlGWagF&HﬁﬁFFElBQphﬁWaFBF}gvPﬁﬂghFFungﬁtShS%HSW
anotner e o e U kS5, 830y B ARcHENER egcaRUIno to the
L 0 S AN U R RGESERET Heih Be gl
21(a) 25 5 belnghg gkgd and - 19 -
Fig. 23 is .a diagrammatic, cross-sectional explan-
atory view illustrating how a further mode of the
hollow injection -molding method according to the
present invention is practiced, showing portions around
10 the gate.
In Fig. 1 through Fig. 23, like parts or portions
are designated by like numerals and characters. In
Fig. 1 through Fig. 23, the reference numerals desig-
nate the following parts and portions.
15 1: Shaft
2: Roller
3: Auxiliary chamber used in the production of a
mechanical part having a shaft integrally formed
therewith
20 4: Opening corresponding to a gate or a portion
corresponding to the gate .
5: Path for communicating the cavity with an auxiliary
chamber or an opening of the integral segment-shaft
structure which corresponds to the path

25 6: End surface



Fig. 22 is a diagrammatic, cross-sectional explan- atory view illustrating
how still another node of the hollow injection nolding nmethod according to
the present invention is practiced, show ng portions around 5 t he gate;
and Fig. 23 is a diagranmatic, cross-sectional explan- atory view
illustrating how a further node of the hollow injection nolding nmethod
according to the present invention is praetiéed, showi ng portions around 10
the gate. In Fig. 1 through Fig. 23, like parts or portions are designated
by |li ke nunerals and characters. In Fig. 1 through Fig. 23, the reference

nurer al s desi g- nat é:t BeorBpAowheglparts and portions. 15 1: Shaft 2:
Roller 3: Auxiliary _chanmber used in the production of a nmechanical part
havi ng a shaft inte@FaﬁP}lPUrned therewith 20 4: (Openi ng correspondi ng
to a gate or a portjon_corresponding to the e, 5: . Path for communicating
the cavity with an QUXFFPafg h&ﬁBEﬁ 8? ﬁnthgﬁ?ﬂngFeihe i ntegral
segment -shaf t strughur goWfi 8 €aLERSBENES:bSchlS BRLBL2S O End

5 11: Tooth

12: Tip circle
13: Root circle
14: Groove
15: Inlet for a hollow-forming fluid
" 10 16: Dial gauge
17: V block
18: Recess
19: Hollow, integral, functional segment-shaft
structure
15 20: Runner
21: Axis of a hollow, integral, functional segment-
shaft structure
DETAILED DESCRIPTION OF THE INVENTION
In one aspect of the preséﬁt invention, there is
20 provided a hollow, resin mechanical part having a shaft
integrally formed therewith, comprising a hollow,
integral, functional segment-shaft structure,
the hollow, integral, functional segment-shaft
structure comprising at least one functional resin

25 segment, and a resin shaft coaxially, integrally formed



- 16 - 7: Toothed wheel 8: Hollow 9: Tip of a tooth of a toothed wheel 10:

Root of teeth of a toothed wheel 5 11: Tooth 12: Tip circle 13: Root
circle 14: Goove 15: Inlet for a hollowformng fluid 10 16: Di al
gauge 17: V block 18: Recess 19: Hollow, integral, functional segnent-shaft

structure 15

20: Runner 21: Axis of a hollow, integral, functional

segnent - shaft structure DETAI LED DESCRI PT{$N.OF THE | NVENTI ON I n one
aspect of the present invention, there is 20 provi ded a hollow, resin
cal part having a shaft integrally formed therewith, conprising

I nt egr al ,witincthenfinsejoral - séghéns} ructure, the hollow, integral,

nmechani
hol | ow,

functi onal

25

segnent -shaft structure conprising at |east one functional

segment, and a tksiholtho¥i imbtegnaly, fumteiondl ységmemt-~shaft

10

15

20

25

structure having a hollow continuously or discontinu-
ously extending substantially along an axis of the
segment-shaft structure within at least one member
selected from tho functional segment and the.shaft,

the hollow, integral, functional segment-shaft
structure having, in an outer surface thereof, one or
two openings communicating with the hollow,

wherein the hollow, integral, functional
segment~shaft structure satisfies the relationships
defined by the following formula (1):

0.9 £ L(b)/L(a) s 1 (1)

wherein L(a) represents the entire length of the

a

resin

integral segment-shaft structure as measured along

the axis thereof, and L{b) represents the length

of the hollow as measured along the axis of the

integral segment-shaft structure,

the hollow, integral, funcfional segment-shaft
structure being adapted to be supported by bearing
means at the shaft and revolved on the axis of the
shaft to thereby exert a function of the functional

segment.

In another aspect of the present invention, there

is provided a method for injection molding a resin



- 17 --with the functional segnent, the hollow, integral, functional
segnent -shaft structure having a hollow continuously or discontinu- ously
extendi ng substantially along an axis of the 5 segnent - shaft structure
within at | east one nenber selected fromthe functional segnent and the
shaft, the hollow, integral, functional segnent-shaft structure having, in
an outer surface thereof, one or two opehniX8s-comunicating with the
hol | ow, 10 wherein the hollow, 'integral, functional segnent-shaft
structure satisfies the relationships defined by the following formula (1):

[err] wherein L(#hilpriREning ihhehiow o pradues the gbpve-mentionedegr al
segnent -shaft structure as npasured al o the gxi's, thereqf,_ and L(b
represents the | MR« ’f?l%“i‘ld“?%%?%ﬂsc a%iﬁ%g‘%‘f% qh%‘%&‘? s‘ubrféQ%l%llY

i ntegral segnent-ghaft, structur t he, holl ow, _integral, functional -
segnent - shaft 20 9FRY (FREFRTH ad’gb’t‘gh Cf‘?f“%’%"%‘?ﬁ)gorted by bearing nmeans

at the shaft and revol gﬁgl Oﬁré@fdfﬁ(é *a Orgof&ecgrppaéfsa{fg tabefﬁpé'd WELd Rars

function of the functi
5 and a movable mold half mating with the fixed mold half

to thereby provide a mold cavity defined by an inner

wall of the fixed mold half and an inner wall of the

movable mold half, the mold cavity being communicated
with a gate,

s " 10 (2) injecting a resin in a molten form into the
cavity through the gate to form a molten resin mass in
the cavity, and

(3) introducing a hollow-forming fluid under
pressure into the molten resin mass through the gate to

15 form a hollow within the molten resin mass,

wherein the gate is located in register with a
position within a terminal region of the cavity which
region has a length of 1/10 of the entire length of a .
hollow, integral, functional ségment—shaft structure to

20 be produced as measured along an axis thereof, so that
the hollow, integral segment-shaft structure satisfies
the relationships defined by the following formula (1):

0.9 £ L(b)/L(a) g 1 (1)
wherein L(a) represents the entiﬁe length of the

25 integral segment-shaft structure as measured along



segnent. I n another aspect of the present invention, there 25 S
provided a nethod for injection nolding a resin - 18 - while formng a
hol | ow t o produce the above-nentioned holl ow, resin nmechanical part having
a shaft integrally forned therewith, which conprises: (1) providing a nold
conprising a fixed nmold half 5 and a novable nold half mating with the
fixed nold half to thereby provide a nol d cevity defined by an inner wall
of the fixed nold half and an inner wall of the novable nmold half, the nold
cavity being comunicated with a gate, 10 (2) |nject|ng aresin
in anmlten forminto tthe caxds ythewenfyh ant Ik e repfesents e ekengh n
mass in the cavity, and (3) introducing a hollowformng fluid under
pressure into the nol t &f rve hadekayw taf RRRFUIRA kg ¢he axis (of

hol low within the nolten resin nass, wherein the gate is | ocated |n
register with a positi %AIFHh seamansahatte i HIHIESe cavity which

rodion has 3 Lendt of R0 8ind 6 S biced SRGL Tuplo RO O 0l SRy
an axis the@eof,:%%téﬁg present invention as defined above, the mold has
an auxiliary chamber communicated with the mdld cavity,
and, in step (2), the molten resin is injected so as to
£ill the cavity and, in step (3), the introduction of
the hollow-forming fluid into the molten resin mass is
10 conducted while causing a portion of the resin mass to
be pushed out of the cavity into the auxiliary chamber
under the pressure of the introduced hollow-forming
fluid.
For easy understanding of the present invention,
15 various embodimehts of the present invention are enume-
rated below.
1. A hollow, resin mechanical part having a shaft
integrally formed therewith, comprising a hollow, -
integral, functional segment—shéft structure,
20 ‘the hollow, integral, functional segment-shaft
structure comprising at least one functional resin
segment, and a resin shaft coaxially, integrally formed
with the functional segment,

the hollow, integral, functional segment-shaft

25 structure having a hollow continuously or discontinu-



the hollow, integral segnent-shaft structure satisfies the relationships
defined by the followwing fornmula (1): [err] wherein L(a) represents the

entire length of the 25 i ntegral segnent-shaft structure as
measur ed al ong - 19 - the axis thereof, and L(b) represents the length
of the hollow as neasured along the axis of the integral segnent-shaft
structure. According to a preferred enbod+n@fit~of the nethod 5 of the
present invention as defined above, the nold has an auxi l i ary chanber
comuni cated with the_nold cavity, and, in step (2), the nolten resin is

injected so as to PPPﬁYtﬁétEEGFP9 gnBstantiadpy(aiongnan axisdaEt EBR of the

hol | f fl d t t ted whil

cgus?ﬁg grggp?|onuéﬁgﬁgg%r§£Pﬁtn§§§QFgggén§gEhéﬁ 6Et98?th%§§a5$W§antg ?he
| hamb t f th trod h || f .

Flud o Coaey CuniBreraRds £B08; thhceghakinal boRtERR A58 Ehe’ ShakDY

embodi ments of the preseqt hgifgﬁ f?n?é§r§fun?gnggiSH%Pf%gﬁgﬁﬁyﬁshgf@0llo“‘

resin mechani cal part having a eqgr al Or me
conprising aghol | 0@y yycture having,. in an outer surface thereof, one or

two openings communicating with the hollow,

wherein the hollow, integral, functional
segment-shaft structure satisfies the relationships
defined by the following formula (1):

" 10 0.9 5 L(b)/L(a) s 1 (1)
wherein L(a) represents the entire length of the
integral segment-shaft structure as measured along
the axis thereof, and L(b) represents the length
of the hollow as measured along the axis of the

15 iﬁtegral segment-shaft structure,

the hollow, integral, functional segmeht-shaft

structure being adapted to be supported by bearing
means aﬁ the shaft and revolved on the axis of the
shaft to thereby exert a functibn of the functional

20 segment.
2. The.mechanical part according to item 1 above,
wherein the integral segment-shaft structure has, in an
outer surface thereof, two openings communicating with
the hollow, and the two openings are, respectively,

25 located in two opposite end surfaces of the integral-



integral, functional segment-shaft structure, 20 t he hol | ow,

I ntegral, functional segnent-shaft structure conprising at |east one
functional resin segnent, and a resin shaft coaxially, integrally forned
with the functional segnment, the hollow, integral, functional segnent-shaft
25 structure having a hollow continuously or discontinu- - 20 -
ously extending substantially along an ax 21of- t he segnent-shaft structure
within at | east one nenber selected fromthe functional segnent and the
shaft, the hollow, integral, functional segnent-shaft 5 structure

havi ng, in an out segyentashaifite sgaucture ,othewtwop OpPPegd teo endgnisgatfiangsni t h
the hollow, wherein the hollow integral, functional segnent-shaft

structure satisfi ®&¢inge separatefshyps ddmtasgeppausd el tOE A¢TTtmata (1):
Segnent-Shaft st 1 GORuPELRS Ho k0t S0ERIR] SROMBRCS STAGRe Ot ORRFARDpnd
epresents the | ogabeth B TR TR A e B R
segment - shagt the relatiénships defined by the formula L(b)/L(a) =1
wherein L(a) and.L(b) are as defined for formula (1).
3. The mechanical part according to item 1 above,
wherein the integral segment-shaft'structure has, in an
outer surface thereof, two openings communicating with

10 the hollow, and'&herein one of the two openings is
located in one of two opposite end surfaces of the
integral segment-shaft structure, the two opposite end
surfaces being separated by a distance equal to the
length of the axis of the integral segment-shaft struc-

15 ture, and the other opening is located in a recess
formed in an outer surface portion other than the two
opposite end sﬁrfaces; the recess being concaved in a
direction from the outer surface portion toward the
axis of the integral segment—sﬁaft structure.

20 4. The mechanicai part according to item 1 above,
wherein at least a part of the functional segment
constitutes a toothed wheel (gear).

5. The mechanical part according to item 1 above,
wherein at least a part of the functional segment

25 constitutes a toothed wheel (gear) coaxially formed



structure being adapted to be supported by bearing neans at the shaft and
revol ved on the axis of the shaft to thereby exert a function of the
functional 20 segnent. 2. The nechani cal part according to item1
above, wherein the integral segnment-shaft structure has, in an outer
surface thereof, two openings communicating with the hollow, and the two
openi ngs are, respectively, 25 | ocat ed 22n-t wo opposite end surfaces of
t he integral - 21 - segnent-shaft structure, the two opposite end
surfaces being separated by a distance equal to the Ien t h of the axgi(ﬁ

the integral segn¥Afthsikaer sbdafier ane, W§ﬁ§GWHeF§FntPH§ e @8@% satis
t-shaft st t1 sf 5 th hi
f ormila L(b)/L( raﬁjt?le”%e%ﬁésaﬁb?ﬁﬁ%&) rERTaSEDy o BYa P RoOTEY Lo Ay G
1). 3. Th h l, t f
in%egral segﬁezfc§%gbgaépfﬁ u?cﬁﬁage%ges%ﬁkgﬁ?éa sur*%%gwhﬁgfgb |¥%Ot
openi ngs Connunlcggkgqe e ¢ %% toothdd WldedWandnd WQ%?%b@éW%%‘ﬂhé3he two

openings is | ocat i'none of two opposite end sur ace of the integral

segment - shakt Strﬂﬁ%%b%ert%% tWe QpReti.te end surfaces being separated by a
di stance equal to the length of the axis of the integral segnment-shaft

struc- 6. The mechanical part according to item 1 above,

wherein at least a part of the functional segment
constitutes a roller.
7. The mechanical part according to item 1 above,

10 wherein at least a part of the functional segment
constitutes a roller coaxially formed with the shaft,
and wherein the roller satisfies the relationships
represented by the formula R2/r2 = 1 to 4, in which R2
represents the diameter of the roller and r2 represents

15 the diameter of the shaft.

8. The mechanical part according to item 1 above,
wherein at least a part of the functional segment
constitutes a roller coaxially formed with the shaft,
wherein the roller has on a sufface thereof a groove

20 having a depth of not smaller than a width of the
groove, and wherein the roller satisfies the relation-
ships represented by the formula r3/R3 2z 0.5, in which
r3 represents the distance between the inner bottom of
the groove and the axis of the integral segment-shaft

25 structure, and R3 represents the radius of the circular



15 ture, and the other opening is located in a recess forned in an
outer surface portion other than the two opposite end surfaces; the recess
bei ng concaved in a direction fromthe outer surface portion toward the
axis of the integral segnent-shaf't structure. 20 4, The nechani ca
part according to item 1 above, wherein at |east a part of the functional
segnent constitutes a toothed wheel (geard.2¥%.- The nechanical part
according to item 1 above, wherei.n at |east a part of the functional
segnent 25 constitutes a toothed wheel (gear) coaxially forned - 22
- with the shaft, cuasstieation f e el Mredat satposttiion tthereafhthayniang ps
represented by the formula [err] = 1 to 5, in which RL represents the

di aneter of the rd8 IR of the toothed wheel and rl1 represents the 5

di aneter of the shaft. 6. The pechanical part according tote %Hgbove,-
wherein at |east & part® #eHRE At tipledtion Maddingh& gsiids Wilf 1 er. 7.

The ToCha cal Dar SRR O LSk SR B o MSLE SRSl 0,
the shaft, gnd Whepraer..l’crl l'{a%nrgma{ esrhasfalct ii%ff_ieegsra{[lrley rf%x%édo r].‘ﬁ’l@]:%%ﬂith accord-
ing to item 1 above, which comprises:

(1) providing a mold comprising a fixed mold half
and a movable mold half mating with the fixed mold half
to thereby provide a mold cavity defined by an inner

10 wall of the fixed mold half and an inner wall of the
movable mold half, the mold cavity being communicated
with a gate,

(2) injecting a resin in a molten form into the
cavity through the gate'to form a molten resin mass in

15 the cavity, and

(3) introducing a hollow-forming fluid under
pressure into the molten resin mass through the gate to
form a hollow within the molten resin mass,

wherein the gate is locatea in register with a

20 position within a terminal region of the cavity which
region has a length of 1/10 of the entire length of a
hollow, integral., functional segment-shaft structure to
be produced as measured along an axis thereof, so that
the hollow, integral segment-shaft structure satisfies

25 the relationships defined by the following formula (1):



represented by the formula R2/r2 = 1 to 4, in which R2 represents the
dianeter of the roller and r2 represents 15 the dianmeter of the shaft.
8. The mechani cal part according to item 1l above, wherein at |east a part
of the functional segnent constitutes a roller coaxially formed with the
shaft, wherein the roller has on a surface thereof a groove 20 havi ng a
depth of not smaller than a width of the grdbwve, and wherein the roller
satisfies the relation- ships represented by the formula r3/R3 [err] 0.5,
in which r3 represents the distance between the inner bottom of ihe groove
and the axis of the integral segmentlsha¥ @) /L(akis deture, and
represents the radius of, the circul ar - 23 - _.cross section qof the roller
P &%f q}éﬁp

~at a portion thereof hd’(ﬂ%ﬁe% Ig‘r o FEPRES et e ﬁﬁ%‘ﬁ ot ng

T while . : Ccal _
part having a snaft PniRORATy. (O TR o RREHE Tho [ B Ao
above, which conprises:tygl)aPrOUinlsh e @@Jg%%ge%f&&gg PATON r@,g%ml f

and a novable nold half mating wth the fixe | f to thereby ovi de

a mol d cavi®y defined kyf ahd HEIL as meddred dlvnd ivtRd amldl gwlénand an

i nner wall of the :
integral segment-shaft structure.

10. The method according to item 9 above, wherein the
mold has an auxiliary chamber communicated with the
mold cavity, and wherein, in step (2), the molten resin
" 10 is injected so as to fill the cavity and, in step (3),
the introduction of the hollow-forming fluid into the
molten resin mass is conducted while causing a portion
of the resin mass to be pushed out of the cavity into
the auxiliary chamber under the pressure of the intro-
15 duced hollow-forming fluid.
11. The method according to item 10 above, wherein the
auxiliary chamber is éommunica£ed With the mold cavity
through an opening formed in one of two opposite end
walls of the cavity, the two opbosite end walls being
20 separated by a distance equal to the length of an axis
of the cavity which axis corresponds to the axis of the
integral segment-shaft structure to be produced, the
one end wall being positioned on a side remote from the
gate.

25 ~12. The method according to item 9 or 10 above, where-



novabl e nmold half, the nold cavity being communicated with a gate, (2)
injecting aresinin anolten forminto the cavity through the gate to form
a nolten resin mass in 15 the cavity, and (3) introducing a
hol l ow-form ng fluid under pressure into the nolten resin mass through the
gate to forma hollow within the nolten resin mass, wherein the gate is
| ocated in register with a 20 positien2®i t+hin a term nal region of the
cavity which region has a length of 1/10 of the entire Iength of a holl ow,
i ntegral, functional segnent-shaft structure to be Rro uced as gs r.ed

s@% ﬁ &HF ?&ﬁﬁGture

al ong an axis theiBof, PEELERELOPhESHEPKBRA LAt 8gial nmEAe- TR

satisfies 25 the rel ationships defined by the follomﬁa formula (1):

- 24 - [eLr¥ wher &g ES&)CP@&FXseﬁP§ Pﬁ@tEHF¥P8 CeRGERPER gﬂg 8t 8gr al
segnent - shaft structur . d al th I s,th '
represents the Ieﬁ&F%Sg %%lg%aigrgp ?ﬁg¥%EPF §§;%§§a é?g ra B%Shﬁgétékis
of the integral seguent 30kl $E" Yl Y48 ober AG-FRERC QQEEBQdaﬁgﬁEfﬁgkﬁﬁl9

above, wherein thé ndld has an auxiliary chamber conmuni cate
5 two opposite end surfaces separated by a distance equal

to the length of the axis of the integral segment-shaft
structure to be produced and which is to be concaved in
a direction from the outer surface portion toward the
axis of the integral segment-shaft structure, and

10 wherein the gate is located in the protrusion in the
wall defining the cavity and directed so that the
molten resin is injected into the davity in a direction
perpendicular to an axis of the cavity which axis
corresponds to the axis of the integral segment-shaft

15 structure to be produced.
13. The method according to item 9 or 10 above, where-
in the cavity has an internal morphology adapted for
producing a hollow, integral, functional segment-shaft
structure in which at least a pért of the functional

20 segment constitutes a toothed wheel (gear).
14. The method according to item 9 or 10 above, where-
in the cavity has an internal morphology adapted for
producing a hollow, integral, functidnal segment-shaft
structure in which at least a part of the functional

25 segment constitutes a toothed wheel (gear) coaxially



nmol d cavity, and wherein, in step (2), the nolten resin 10 IS injected
so as to fill the cavity and, in step (3), the introduction of the
‘hollow-formng fluid into the nolten resin nmass i s conducted whil e causing
a portion of the resin nass to be pushed out of the cavity into the
auxi liary chanber under the pressure of the intro- 15 duced
hollowforming fluid. 11. The method accerdéng to item 10 above, wherein
the auxiliary chanber is communicated with the nold cavity through an
opening formed in_one of two opposite end walls of the cavict the two

geaEh th fhesl natiangt n

opposite end wal | EoHRedhgwvdEh the ghatt, ~gherein jthe sheetheda

f i f th ity whigch ' ds to,th ' f 1 L nt I
segmont - shaft st riAstrEie cFeLaEroMnERE FRECBRentRY W perngrplt: Mtkda
on a side remote IrPEng, 92K Suntch R1 Alpred O SPLAQUARROLLL NGe ! ubl M 9
or 10 above, where- -T257- Ina protrusron is forned tn a wall of the

nol d defin- ing tP@oﬁa&!ﬂ-é‘let@f ﬂ‘ié’tééﬁéﬂésl%;@’iééfp&ﬁ@ifﬂ LQpRcbEhESSLHAI Ch

is to be formed in the Integral segnent- t structure at 1ts outer
surface porgion ai{ghet&BNoP the sN®FPPPOSite end surfaces separated by a

di stance equal to the length of the axis of the integral segnent-shaft
15. The method according to item 9 or 10 above, where-
in the cavity has an internal mofphology adapted for
producing a hollow, integral, functional segment-shaft
structure in which at least a part of the functional

10 segment constitutes a roller.

16. The method according to item 9 or 10 above, where-
in the cavity has an internal morphology adapted for
producing a hollow, integral, functional segment-shaft
structure in which at least a part of the functional

15 segment constitutes a roller coaxially formed with the
shaft, wherein the roller satisfies the relationships
represented by the fofmula R2/r2 = 1 to 4, in which R2

represents the diameter of the roller and r2 represents

Seme

the diameter of the shaft.

20 17. The method according to item 9 or 10 above, where-
in the cavity has an internal morphology adapted for
producing a hollow, integral, functional segment-shaft
structure in which at least a part of the functional

~ segment coﬁstitutes a roller coaxially formed with the

25 shaft, wherein the roller has on a surface thereof a'



structure to be produced and which is to be concaved in a direction from
the outer surface portion toward the axis of the integral segnent-shaft
structure, and 10 ~ wherein the gate is located in the protrusion in the
wal | defining the cavity and directed so that the nolten resin is injected
into the cavity in a direction perpendicular to an axis of the cavity which
axis corresponds to the axis of the integraR7segnent-shaft 15 structure
to be produced. 13. The nethod according to item9 or 10 above, where- in
the cavity has an internal norphol ogy adapted for producing a holl ow,

i ntegral, functionﬂrogﬁgnbﬂvisﬂaﬁtdgpthcoﬁreotnsmhﬁéﬁrathﬁéaétWédﬁbrPfof
the functional 20 segnent constjtutes a toothed wheel &gear . 14. The
met hod accordi ng t Bhet g5P9ver 2pdawhbeseiphthe- rphlefesabiffyefathgnrela~-

i nt er nal nnrphologg_adagted for groducing a hol | ow, 'ntegrab, fﬁn tignal
segnent - shaft st r uELOREDERSWKPRReSENFRYsPYathar formulaetf (Rt 2oRaP 25D

t titut hed wheel i al | _ 26 - tormed with
The Shat (. wher oi nPRERL 801 RER-TREBF SoEhpLatpPRae erupan, Chentpess

G ameter of The roBPCEPHcBe Ehb qEobsblaty Hhechhid 5F HHBLFAERNRRL T
segment-shaft structure, and R3 represents the radius
- of the circular cross section of the roller at a por;
tion thereof having no groove.

Hereinafter, the present invenﬁion will be de-

10 scribed in detail, with reference to the accompanying
drawings.

As mentioned above, the hollow, resin mechanical
part having a shaft integrally formed therewith accord-
ing to the present invention comprises a hollow, inte-

15 gral, functional segment-shaft structure comprising at
least one functional resin segment, and a resin shaft
coaxially, integrally formed with the functional seg-
ment. The integral segment-shaft structure has a-
hollow continuously or discontihuously extending sub-

20 stantially along an axis of the segment-shaft structure
within at least one member selected from the functional
segment and the sﬁaft. The integral segment-shaft
structure has, in an outer surface thereof, one or two
openings communicating with the hollow.

25 In the present invention, the term "mechanical



5 di anmeter of the shaft. 15. The nmethod according to item9 or 10
above, where- in the cavity has an internal norphol ogy adapted for
produci ng a hollow, integral, functional segnent-shaft structure in which
at |east a part of the functional 10 segnent constitutes a roller. 16.
The met hod according to item9 or 10 above, where- in the cavity has an

i nternal norphol ogy adapted for produci ng-a2®ot!l ow, integral, functional
segnent -shaft structure in which at |east a part of the functional 15
segnment constitutes a roller coaxially formed with the shaft, wherein the

rol l er satisfies tRACYeIBRIVHsH RACY st Rxersy a nEuRgiine PRyeoLus o
4, in which R2 represents the dianmeter of the roller and r2 represents the
di aneter of the shHz¥qn Bhpreof On axiz 23R PICDr WHPFE i‘{ ® F 10
above, where- in the cavity has an internal .npr hoI§g¥ ada ted#for :
produci ng a hol | offCYHIEr 3= FARIEYHAI 2R & ?\&’sh p%‘?sr%&eh BT 2¥en
at least a part of ' d C | tut yally
formed with the ngé'g:‘ C§s a %%ﬁ%?azf%%s r%‘%&%aags%%%ﬁgs%s#ha&c%ft égr eof a

- 27 - groowe havipgd deptdh Ay iy SR | il aadb did), o dik HOPY&e, and

wherein the roller satisfies the.rela-
a cam device, a pulley device and a combination of

these parts. In general, mechanical parts can be
roughly classified into a type which has a hole for
. receiving a shaft and a type which has a shaft. 1In the

10 former type of a mechanical part, a shaft (for example
a metallic shaft) is inserted into the shaft-receiving
héle, and the mechanical part is revolved in a state
supported by the shaft. 1In the latter type of a me-
chanical part, the mecHanical part is revolved while

15 being supported, at its shaft, by bearing means. The
present invention is concerned with the latter type of
a mechanical part, and more particularly concerned with
a mechanical part having shaft 1 integrally formed
therewith produced by molding.

20 ' In the present invention, the term "shaft" means a
portion at which a mechanical part is suppbrted by
another part (bearing means) so as to be stably re-
volved at the time of the operation of the mechanical
part. In the accompanying drawings, representative

25 examples of shafts are designated by reference numeral



tionshi ps represented by the fornula r3/R3 [err] 0.5, in which r3
represents the di stance between the inner 5 bott om of the groove and
the axis of the integral segnent-shaft structure, and R3 represents the
radius of the circular cross section of the roller at a por- tion thereof
havi ng no groove. Hereinafter, the present invention wll be de- 10
scribed in detail, with reference to the-a8orpanyi ng draw ngs. As
nmentioned above, the hollow, resin nechanical part having a shaft
integrally fornmed therewith accord- ing to the present invention conprises
a hollow, inte- 15. gral, functional segnent-shaft structure conprising
at | east one functional resin se

d haf
|?tegrallyhforneﬁ Y1th Ph@hPuREFgﬁﬁﬁllgggnt§8h58%$ﬁzt%ﬁ%eg %ﬁlggéﬁg%t shaf t
structure has a holl ow t I d
stantially al ong ﬁﬁggfpgqulgﬁguéeéﬁgﬁF ;ﬁgﬁegé?#§g§h¥88§5?2 n at easgoone
menber sel ect ed froqhtge Bﬁ?%t ARk xS ?Qgeﬁtf B@t&? gaEbvoIE%lb%t%Wé¥e-

segnment - shaf t structure in an ou suf ace one or two
Openi ngs COBMUNI Caki | Qxﬁgeoﬁokh@WShQQt in accord@ntlewii@sentrevolu-
i nvention, the tern1 ani cal .

tion of the shaft whlch is supported by bearlng means.
Examples of functional segments include a roller and a
toothed wheel. In the accompanying draw1ngs, rollers
as an example of functional segments are indicated by
10 reference numeral 2, and toothed wheels as another
example of functional segments are indicated by refer-
ence numeral 7.
In the present invention, the term "hollow" used
for a portion designated by reference numeral 8 means a
15 hollow formed by a molding method for forming a hollow
in a shaped resin article to be produced. The hollow
is different from a void or a cell formed by a foaming
agent. There is no particular llmltatlon with respect
to the molding method for formlng a hollow in a shaped
20 resin article to be produced. However, a hollow injec-
tion molding method is preferred since, in this method,
a shaped, hollow resin article can be produced by a
single shot of a resin without a need for joining

together separate parts, and occurrence of burrs and

25 fins (flash) is small.



part"” nmeans a part which exerts a function by revolu- tion thereof on axis
21 so as to transmt force or novenent or transport an object.
Representati ve exam ples of nechanical parts include a toothed wheel de- 5
vice, a roller device, a runner device, a disc device, a camdevice, a
pul |l ey device and a conbi nati on of these parts. In general, nechani cal
parts can be roughly classified into a type3@htch has a hole for receiving
a shaft and a type which has a shaft. In the 10 f or mer type of a

mechani cal part, a shaft (for ex le a netalljic s serted into

t he shaft-receiving hol'%hea‘l"ﬁin[‘h %ﬂn’r%@ﬁc’%’a‘?’i ’?@"iﬁ%‘% ‘?‘?1 arS€Tate
supported by the af t n the latter type of a ne- chanical par t he
nechani cal part ?Eﬁ%ﬁv@% H%l?%? @?esggﬁm%QKFQEhﬂﬂnm%ﬁpsdﬁnl%%Jéﬂsf?n by

bearing means. The (%Pseqﬁ Q%EF §h9%3§% ned mn thg J§ﬁ§5¥e§y9§t$f
c

a nmechani cal part, e a nechani cal par

having shaft 1 nteqrallyy fof "%%51@ RS BLGHUS bl I 104 0 e 01 15

In the present 1 nventlon erm S means a porti

mechani cal mart i s;SUPPOF LGy Pf}%ﬂ?r D& IndOCPIhed®EHSd Mot ho1&
stably re- volved at the tinme d? t he operatfen of the mechani cal part. Fn

the acconpanyi ng dQAVERER. a RPIESEHESEiY nZds, anEXdMESq@dnspfts are
desi gnat ed by reference nuneral
hollow-forming fluid under pressure is introduced into
the molten resin mass, and the molten resin mass is
allowed to cool while being pressurized by the hollow-
10 forming fluid, thereby obtaining a shaped, hollow resin
article. 1In an ordinary injection molding method,
after the sealing of the gate, the resin in the gate
solidifies, so that the supply of the resin into the
cavity is stopped and - the resiﬁ pressure can no longer
15 be applied. By contrast, in a hollow injection molding
method, even after the sealing of the gate, the resin
can be held in a pressurized state by means of a hol-
low—fofming fluid introduced thereinto. Therefore, the
hollow injection molding method.is advantageous in that
20 the pressurized state can be surely maintained, as
compared to the ordinary injection molding method, and
the shrinkage of a molten resin upon cooling can be
complemented by the expansion of a hollow, so that a

shaped resin article having a good reproduction of the

25 cavity wall and a good dimensional precision can be



- 29 - 1. In the present invention, the term"functional segnent" neans a
segnent which is integrally formed with a shaft and exerts a function by -
" revolution there- 5 of on an axis of the shaft in accordance with a
revolu- tion of the shaft which is supported by bearing neans. Exanpl es of
functional segments include a roller and a toothed wheel. 1In the
acconpanying draw ngs, rollers as an exahnpdk -©f functional segnents are

i ndi cated by 10 ref erence nuneral 2, and toothed wheel s as anot her
exanpl e of functional_ segments are indicated by refer- ence nuneral 7. In
the present inverR3dhLY tPCAEFeq  hod | XRPTeERREIHIVR RRhed nEemresheht®ed by
reference nuneral , 8 neapns a 15 hol l ow forned, by a nplq&n met hod for

formng a hol | ow 3HieFHABIACILNG 15 (43 2PD L hriIRRE FFFOW i s

di ff t f i d i ) f ' h '

par 1 cular 11 m ¢ AT AR FERHEASR (BRI dT T et oIS or mi ng. &

hol | ' R d 20 | | t . |
"o er tion mol bt ng meFie M FE Sy Sk Spfldp PLi RRBHERtn ERES 1 B O

hol | ow resign artigles Pevdioomecets by .8 Pahes §Pots C&aé’eéﬁié‘rv‘ii%@% a

need for joining together separate parts, and occurrence of burrs an
fins (flash) is sq@ltoom temperature and under atmospheric pressure, and

which is not reactive to or compatible with a molten
resin to be molded, under temperature and pressure.
conditions for an injection molding. Examples of such

10 fluids include nitrogen, carbon dioxide, air, helium,
neon, argon, water vapor, glycerin and liquid paraffin.
Generally, a gaseous fluid is employed and aﬁ inert
gas, such as nitrogen, helium, neon or argon, is espe-
cially preferable. From the viewpoint of economy,

15 nitrogen gas is commercially more preferred.

The hollow injection molding method of the present
invention is practiced by means of a combination of a
conventional injection molding machine and an apparatus
for supplying a hollow-forming.fluid under pressure.

20 The above-mentioned apparatus for supplying a hollow-
forming fluid under pressure is one which introduces a
hollow~forming fluid under pressure through a supply
line into a molten resin mass injected into a mold
cavity so that the molten resin mass in the mold cavity

25 is pressurized by the hollow-forming fluid for a prede-



- 30 - The term"hollow injection nolding nethod" re- ferred to in the
present invention nmeans an injection nolding nmethod in which a nolten resin
is injected into a cavity of a nold to be used in nolding (the nold is 5
usually a netal nold, but not limted to a netal nold) to forma nolten
resin mass, and, subsequently, a hollowformng fluid under pressure is

I ntroduced into the nolten resin mass, and 3he-nolten resin mass is all owed
to cool while being pressurized by the hollow 10 formng fluid,

t her eby obtaining a shaped, hollow resin article. In an ordinary injection
mol di ng met hod, aftesmitriesd geation) aff time gatExanpkes axf meéthadse fprr cthe
solidifies, so that the supply of -the resin into the cavity is stopped and
the resin pressurdnipdurtinmaf & hollaye-fgming f1Bd ayidenRressuze

hol | ow i njection nolding method, even after the sealing of t@gagg%e, I he-
resin can be hel d infRdR &RRERY it athl gy %ﬁ&?@%‘%ﬁ’%‘b‘tngl ¥brh
fluid introduced thereinto. Therefore, the hollowinjection.moldi ng nethod
i s advant ageous i a(shfhe% compq?@?ffet&lﬁi%‘aiies‘ied‘f%irb% rb’eg}étﬁlé?ilglre

mai nt ai ned, =as co ed to t ordinary injectd ] di; t he
shri nkage of.5 a rmlr%)n?ﬁ arceésmr"nufuag%en& c}&b?alryn gaccéaur{mbieaqg%%lr%njér}%feg;é%éﬁ h%ﬂ@o Q
expansion of a hok&fﬁﬁe&“ﬁééﬁﬁ fass in a cavity through a supply line,_

and a method in which a predetermined amount of a

hollow-forming fluid is directly introduced into a
molten resin mass in the mold cavity by means of a pump

10 or a pressure cylinder to thereby pressurize the molten
resin mass. However, there is no particular limitation
with respect to the method for the introduction of a
hollow-forming fluid as long as the hollow-forming
fluid undér pressure ¢dn be introduced into the molten

15 resin mass in the mold cavity. The pressure of the
hollow-forming fluid is relieved before the mold is
opened and a shaped, hollow resin article is released
from the mold.

As mentioned above, the hdllow, integral, func-

20 tional segment-shaft structure constituting the hollow,
resin mechanical part of the present invention has a
hollow therein. The hollow ratio of the integral
segment-shaft structure is preferably from 15 to 50 %.
When the hollow ratio is higher than the range as

25 mentioned above, it is likely that the wall of a hollow



shaped resin article having a good reproduction of the 25 cavity wal |
and a good di nensional precision can be - 31 - easily produced. A
representative nethod for hollowinjection nolding is disclosed in Exam ned
Japanese Patent Application Publication No. 57-14968. The hol | ow form ng
fluid which can be used in the 5 present inventionis a fluid which is
gaseous or liquid at roomtenperature and W3der atnospheric pressure, and
which is not reactive to or conpatible with a nolten resin to be nol ded,

under tenperature and pressure conditions for an injection noldin
Exanpl es of such T®lten mefidy halciarte if hrken qﬁéﬁﬁ) (Bﬁ%ﬁiuékref the

hel i um neon, argon, water vapor,_ glycerin and liquid.paraffin. Cenperally,
a gaseous fluid i @%}ﬁ%’m eﬁﬁﬂ?e’r 5% ,"H'SJ‘J% é‘?lﬁfﬂ%é)&ﬁo"heeﬁ i um
neon or argon, is _espe- ciall neferabl e, From ' NP -85 )
15I 4 ni trogen gé’é"%sabclcﬁ‘mer%} g'-l}}ey Or%eg &rae €r rwtg%% %hgemﬁiéﬁ]]qc?vbpirnj ect ﬁ'&ryn

- mol di ng net hod " of ggn* e ' i N Jrans; 1of; ;

conbi nati on of a cst(g'{r%\?l'el%ﬁeona n it%}e:g%n% rfats)i Srlre;hgq-'t machi %éb and Z"r}palpsgalrleﬁeulsy

for supplyisg a holjaw{ Qi mdirlichk WIRrgiRs Y¥ir20 so thEte it is

above-nenti oned apparatus for supplying a hollow formng fluid under

pressure is one WHiHEidiIORE Gicieve an improvement in the dimensional
precision of the integral segment-shaft structure. The
hollow ratio is defined by the following formula:

The hollow ratio (%) is defined by the formula

10 [(V x©-M)/(V x0)] x 100.
In the above formula, V represents an apparent volume
of the shaped, hollow resin article (hollow, integral,
functional segment-shaft structure), © represents a
specific gravity of the& resin used, and M represents a
15 weight of the shaped, hollow resin article (hollow,
-integral, functional segment-shaft structure).

In the present invention, it is requisite that the
hollow, integral, functional segment-shaft structure of
the resin mechanical part of thé present invention have

20 hollow 8 continuously or discontinuously exténding
substantially along an axis of the integral segment-
shaft structure, and that the entire length L(a) of the
integral segment-shaft structure as measured along axis
21 and the length L(b) of the hollow as measured along

25 axis 21 satisfy the relationships defined by the formu-



hol | ow-form ng fluid under pressure through a supply line into a nolten
resin nmass injected into a nold cavity so that the nolten resin mass in the
nold cavity 25 is pressurized by the hollowformng fluid for a prede-
- 32 - termned period of tinme. Exanples of methods for the introduction of
a hollowformng fluid under pressure include a nethod in which a

hol | ow-form ng fluid which has been conpresgsed to a predeterm ned high
pressure 5 and accunul ated in an accurnulator is introduced into a
nolten resin nmass in a cavity through a supply line, and a nmethod in which
a predeterm ned ard@url.ofs & (ol Algw)f @ i.ng Ad whebwns idi Fdgsl.y 6i(at)r @ddced
into a nolten resin mass in the nold cavity by neans of a punp 10 or a
pressure cylinder &(®)théHaby I angufige tﬂ% e @entigs dengdd LHaewdr
there is no particular, linmtation with respect to the nethod for t he

i ntroduction of at& IiOWSBRAH FEINERLE S fto AFRICHITE RS MERSMFES li}qn9U|d

under pressure-can be introduced into the nolt 5 resin ss in the
mol d cavity. The 35S éne@[nst RS ERYIRR fjrﬁnﬁtg’go?fl Fihg i0teg%adved before
the nmold is.opened and sha hol Low resin articl |s rel ased fromthe
mol d. As meRtioned® %’ﬁfgc' (?lq THETULR &F Jeasypre atong €he>Bxis OF

the shaped, hollow article, and, as shown in ‘the same
Figs., the length L(b) of hollow 8 means the length of
hollow 8 as measured aiong the axis of the integral
segment-shaft structure, that is, the length L(b) is

" 10 the length of a section of axis 21 which section is
defined as the distance between the opposite inner end
walls of hollow 8. Accordingly, when a plurality of
hollow portions 8 are present in the integral segment-
shaft structure, L(b) iS defined as a total of the

15 lengths of sectibns of axis 21 which sections corre-

spond to all hollow portions 8. When L{a) and L(b)
satisfy the relationslips defined by the formula 0.9 g
L(b)/L(a) £ 1, the integral segment-shaft structure
exhibits a high dimensional preﬁision. The reason for

20 this is believed to reside in that the pressurizing
effect of the hollow-forming fluid is exerted on the
entire region of the molten resin mass during the
molding, so that the dimensional precision of the
resultant shaped resin article becomes high. By con-

25 trast, when L(a) and L(b) have a relationship defined



20 tional segnent-shaft structure constituting the hollow, resin
mechani cal part of the present invention has a hollow therein. The holl ow
ratio of the integral segment-shaft structure is preferably from15 to 50
% When the hollow ratio is higher than the range as 25 ment i oned
above, it is likely that the wall of a hollow - 33 - molten resin
bal | oon is broken under the pressure of €15 hollowformng fluid, so that
t he nol di ng beconmes unstable. On the other hand, when the hollowratio is
smal | er than the ran as nmentioned above, it is likely 5 t hat a sink
mark or a var pagdidiie ommitand- 9 (> ils( il AT (2l tEhe ATV ©BMaAMOEEN!
in the dinensional precision of the integral segnent-shaft structure. The
hollow ratio is QREGIRK]S b";PQ gl 4 R HeFtorduAIing rhe MAlBRSatthe (9 s

defined by the fornula 10 err]. I n the above formul V represents an
appar ent vol une dtotirn “[“"}ﬁﬂ IMAF RSN et %%\Pr?%‘b@’r"’a’r ng

the resin uiig”e”#ﬁt ffe%*ﬁéiifiorl?%—[f%rfl oo e,
resin artige (hQ%AdDV’éha.é“ %ﬁﬁoo&ﬁ%@%m’%@mﬁf ‘{&té&f‘émﬂ 4

t he present invention reqU|
In the hollow injection molding method, which is pref-

erably employed in the present invention, the molten
resin is pressurized by means of a hollow-forming fluid
so as to improve the transferability of the configura-
10 tion of the cavity wall. However, when L(a) and L(b)
have a relationship defined by the formula 0.9 >
L(b)/L{a), the length of hollow 8 becomes too small, so
that the molten resin mass has a portion where the
pressurizing effect of the hollow-forming £luid cannot
15 be exerted and the transferability of the cavity wall
becomes poor, and as a result, the final shaped resin
article becomes poor in dimensional precision. It is
preferred that L(a) and L(b) satisfy the relationships.
defined by the formula 0.95 g L(b)/L(a) s 1. Most
20 preferably, L(b)/L(a) =
With respect to the shaped, hollow resin article
produced by the method disclosed in Japanese Patent
Application Laid-Open Specification No. 5-208460, the
shaped, hollow resin article has an L(b)/L(a) of only

25 about 0.8. The present inventors have conducted exper-



hol l ow, integral, functional segnent-shaft structure of the resin
mechani cal part of the present invention have 20 hol | ow 8 conti nuously
or discontinuously extending substantially along an axis of the integral
segnment - shaft structure, and that the entire length L(a) of the integral
segnment-shaft structure as neasured along axis 21 and the length L(b) of

t he hol |l ow as neasured al ong 25 axi s-236satisfy the rel ationships
defined by the fornu- - 34 - [err] As shown in Figs. 6(a) and 6(b), Fig.
15 and Fig. 16, the entire length L(a) of the integral segnent-shaft
structure as measimedtal dngaggprdanceewhthabhendiselpengehods JaRaNRELegr al.

5 segnent -shaft structure as_neasured along the _axis,of the ghaped,
hol low article, aRatens ARBWACPRHiPReLaAREOPPYsSPerhELFBRIPR FPn) 26f hol | ow

8 reans e | o9t ogheo! ko, EohalBASH, Fhes LaRgehBeny Bt RN Y
opposi (e | nner  enBOMAPFeTBFRORPSAES REYGNd, Rgl JOLTRE, BLEREBRUMRE] (©
o) oo Sons SoRRERRST T 1phgbls b VLT B st
Whi ch sections COpLRames extremely low (specifically, the dimensional
precision of teeth is low and the degree of run out is
high). |
The hollow injection molding method of the present
10 invention can also be employéd for molding a thermoset-
ting resin. Examples of thermosetting resins which can
be used in the present invention include a phenol
resin, a urea resin, a melamine resin and an epoxy
resin. In the present "invention, the hollow, resin
15 mechanical part having a shaft integrally formed there-
with can be produced from a thermosetting resin.
However, the resin mechanical part of the present
invention is genérally produced from a thermoplastic
resin. With respect to thermopiastic resins which can
20 be used in the present invention, there is no partidu—
lar limitation as long as the resin can be molded under
ordinary conditions. Examples of thermoplastic resins
which can be used in the present invention include a
polyethylene, a polypropylene, a polystyrene, an ABS

25 resin, a polyvinyl chloride, a polyamide, an acetal



spond to all hollow portions 8. Wen L(a) and L(b) satisfy the

rel ati onships defined by the formula 0.9 [err] L(b)/L(a) [err] 1, the

i ntegral segnent-shaft structure exhibits a high dinensional precision

The reason for 20 this is believed to reside in that the pressurizing

effect of the hollowformng fluid is exerted on the entire region of the

mol ten resin nmass during the nolding, so-tiat_the di nensional precision of

the resultant shaped resin article becones high. By con- 25 trast, when

L(a) .and L(b) have a rel ationship defined - 35 - by the formula 0.9 >

L(b)/L(a), the | epglymet, hal polyBatleonaee, t aomsdbfied spolyphenyieng the

nol ding, the nolten resin mass has a portion where the pressurizing effect

of the hol |l ow f oretherf| ai potyabbylére ckercphitBalateana phlybpbyléne

becomes poor in dinensional precision. In the hollowinjection nolding .

met hod, which i s pexephthabateenpl pylyphenyhengrevbhide nvpalybnideneanol ten

resin is pressurized by nmeans of a hollowformng fluid so as to inprove

the transferabiliPglyenide iBidegupelyabher imide, o PRLYREVIZVCwnaf| .

However, mhgn L(a nd kgb% have a relationsrigndefined bg the fornula 0.9
ShYERLIEPDR 3
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resin mass has a Qgﬁéiog T@gﬂfdtggystalline'resin, a polytetrafluoroeth-
ylene and a thermoplastic elastomer. Especially, a
polyacetal and a polyamide are excellent not only in
heat resistance and mechanical properties but also in

10 sliding properties, so that they are widely used for
the production of a mechanical part having a shaft
integrally formed therewith, and they are also prefera-
biy used in the present invention.

Since the hollow[’integral, functional segment-

15 shaft structure constituting the mechanical part of the
present invention has a hollow extending therein, if
desired, an organic or inorganic filler may be blended
with a resin to be used so as to improve heat resist- .
ance, mechanical strength or tﬁé like of the resultant

20 mechanical part. Preferred examples of reinforcing
fillers which can be used in the present invention
include glass fibers, carbon fibers, metallic fibers,
aramid fibers, potassium titanate, asbestos, silicon

carbide, ceramics, silicon nitride, barium sulfate,

25 calcium sulfate, kaolin, a clay, pyrophyllite, a bento-



pressurizing effect of-the hollowformng fluid cannot 15 be exerted
and the transferability of the cavity wall becones poor, and as a result,
the final shaped resin article becones poor in dinmensional precision. It is
preferred that L(a) and L(b) satisfy the relationships. defined by the
formula 0.95 [err] L(b)/L(a) [err] 1. Mst 20 preferably, L(b)/L(a) =
1. Wth respect to the shaped, hollow resigarticle produced by the nethod
di scl osed in Japanese Patent Application Laid-Open Specification No.

5- 208460, the shaped, hollow resin article has an L(b)/L(a) of only 25
about 0.8. The pmdstent a mearifcdite,haveecdridiegt @d mbgagr nepheli3d®e ,- tadents in
accordance with the disclosure of Japanese Patent Application Laid-Qpen
Speci fication No. astapsdadae amdlilogtonits, sHad didersof aa fgamiitdy of the
hollow resin article having no hollow 8 extending 5 therein, is |arge,
so that the di nensiadediun Eddiisiage b EadFEae RArOANaF e 0BRSS SATRPNT he
di mensi onal precision of teeth is  |ow and the degree of .run out is .,high).
The hol | ow i nj ect i8d1® mSidioy Het W&J‘%PW'prtést@g’twfb Ode%rn\?]?&Tﬁﬁf-‘H‘gn

fLanggete o7 'ggyfgs}coﬁ;rsic%';! g#%g»aar?xti i bdenith ¥ e e R ep e,
gypsum, glass beads, glass powders, glass balloons,
quartz and quartz glass. The reinforcing fillers as
mentioned above may have a hollow therein and can Be
used individually or in combination. Further, if

10 desired, these fillers may be pretreated with a cou-
pling agent, such as a silane-type or titanium-type
coupling agent,-before use.

According to one embodiment of the present inven-
tion (embodiment of item 2 of the above-enumerated

15 . embodiments of the present invention), the hollow,
integral, functional segment-shaft structure of the
mechanical part has, in an outer surface thereof, two
openings communicating with the hollow, and the two
openings are, respectively, loéated in two opposite end

20 surfaces of the integral segment-shaft structure,
wherein the two opposité end surfaces are separated by
a distance equal to the length of the axis of the
integral segment-shaft structure. Therefore, the
integral segment-shaft structure satisfies the rela-

25 tionships defined by the formula L(b)/L(a) = 1, so that



be used in the present invention include a phenol resin, a urea resin, a
mel am ne resin and an epoxy resin. In the present invention, the holl ow,
resin 15 mechani cal part having a shaft integrally formed there- with
can be produced froma thernosetting resin. However, the resin nechani cal
part of the present invention is generally produced froma thernoplastic

resin. Wth respect to thernoplastic restnd®which can 20 be used in the
present invention, there is no particu- lar limtation as long as the resin
can be nol ded under ordinary condit{jons.,K Exanpl es of, theynopl astic resins
whi ch can be used® iTPThePHPEIENRY | $ina h PIRELSIP R 1INFEIRED 8

I I , I ABS 25 ' | yvi nyl | ori de,
L T SR, eSS ol ST IR o
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pol yet her et her ke-"t one, ysta ne resin, a polyt uor oet h-

yl ene and & ther ”E%%;%éﬁiﬁé@%ﬂ‘i@ér P et Yon S PANRGREMaréh B part
pol yam de are excellent not only .in heat resistance and nechani cal
properties but alep the present invention.
In the present invention, as shown in Figs. 1 té
10(a) and 11 to 13, the term "end surface" is intended
to mean an end surface spreading so as to traverse axis
" 10 21 of the integral segment-shaft structure. In many
cases, the end surface is a flat surface. However, the
end surface may not be a flat surface, and may be a
curved surface, semi-spherical surface or the like.
Further, when a functional segment, such as a toothed
15 wheel, is located at an end portion of the integral
segment-shaft structufe as shown in Fig. 9, end surface
6 present on the functional segment also falls within
the definition of end surface 6 as defined in the.
;) present invention. |
20 According to another embodiment of the present
invention (embodiment of item 3 of the above-enumerated
embodiments of the present invention), as shown in
Figs. 15, 17 and 18, the hollow, integral, functional
segment~shaft structure of the mechanical part has, in

25 an outer surface thereof, two openings communicating



10 sliding properties, so that they are widely used for the production
of a nechanical part having a shaft integrally forned therewith, and they
are also prefera- bly used in the present invention. Since the holl ow,

i ntegral, functional segnent- 15 shaft structure constituting the
mechani cal part of the present invention has a hollow extending therein, if
desired, an organic or inorganic filler maygbe blended with a resin to be
used so as to inprove heat resist- ance, mechanical strength or the like of
the resultant 20 mechani cal part. Preferred exanples of reinforcing
fillers which canwit¢hushe holilow,paaseone wfetheotwonopedéngisads flidvartad
carbon fibers, netallic fibers, aramd fibers, potassiumtitanate,

asbest os, siliconivaprbedef twoamppositel endnswirfeices, ofathemisfetxad, 25

caIC|unlsquate kaolin, a clay, pyrophyllite, a bento- -38- nite, a-
sericite, a zeol|ﬁégmﬁnﬁrééafﬁeﬁﬁéﬂ?ﬁ@rebaﬁée &FPaﬁ@PQF#@e fA syrdaices
slag fibers, afe caIC|unlsLI|cate, calciumc bona%& %D%FI
carbon- ate, dolo Qg Fepargtede! YiPtQﬁFGﬁPG%l&Hu §Red

i i d | yb disul f 8
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the other opening is located in recess 18 formed in an
outer surface portion other than the two opposite end
surfaces, reéess 18 being concaved in a direction from
the outer surface portion toward the axis of the inte-
10 gral segment-shaft structure. This embodiment is
preferable when both two openings cannot be formed in
the two opposite end surfaces of the integral,
segment-shaft structure due to the design or function
of the mechanical part, or the construction of the
15 mold. When the opening (to be located in an outer
surface portion other than the two opposite end sur-
faces) is located in recess 18 concaved in a direction
from the outer surface portion toward the axis of  the -
inteéral segment-shaft structufé, run out of the me-
20 chanical part is largely reduced, as compared to the
case in which no such recess is used. The reason why
such an advantageous effect can be achieved is consid-
ered to reside in that, as shown in Fig. 18, hollow 8
becomes symmetrical relative to axis 21.

25 _ According to a further embodiment of the present



menti oned above may have a hollow therein and can be used individually or

I n conbination. Further, if 10 desireéd, these fillers may be pretreated
with a cou- pling agent, such as a silane-type or titaniumtype coupling
agent, before use. According to one enbodi ment of the present inven- tion
(enmbodi nent of item 2 of the above-enunerated 15 enbodi nents of the
present invention), the hollow, integrals 4lunetional segnent-shaft
structure of the mechanical part has, in an outer surface thereof, two
openi ngs comunicating wth the hollow, and the two openings are,
respectively, | ockRERRTIOR WLHPRGENSRE c3f Dhem 4 Qf the cAPoYersRUNeFaERd)
segnent - shaft stru%%u e, whereLn the two opppsite end surfac&s a

separ at edhb]}/ a di €t %’E]B%Wfotlf?lepﬁ;%?@? PFVeREI A & ?F %W?Flf%grg?r

segnment - t struct . T | -sh
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formed therewith are widely used in various fields,
such as automobiles, ordinary machinery, precision
machinery and electric and electronic equipment. The
mechanical part of the above embodiment is advantageous
10 because it has not only high dimensional precision and
excellent material-recycling characteristics, but also
can be produced with high productivity.
According to still a further embodiment of the
present invention (embolliment of item 5 of the above-
15 enumerated embodiments of the present invention), as
shown in, for example, Figs. 10(a), 10(b) and 10(c), at
least a part of the functional segment constitutes
toothed wheel 7 coaxially formed with shaft 1, and
toothed wheel 7 satisfies the rélationships represented
20 by the formula R1/rl = 1 to 5, in which Rl répresents
the diameter of root circle 13 of toothed wheel 7 and
rl represents the diameter of shaft 1. The mechanical
part of this embodiment is especially advantageous

because of the high dimensional precision of the teeth

25 of toothed wheel 7. However, when the R1/rl ratio



of the present invention. In the present invention, as shown in Figs. 1 to
10(a) and 11 to 13, the term"end surface" is intended to nean an end
surface spreading so as to traverse axis 10 21 of the integral

segnent -shaft structure. |In many cases, the end surface is a flat surface.
However, the end surface may not be a flat surface, and may be a curved
surface, sem -spherical surface or the |lika2 Rurther, when a functi onal
segnent, such as a toothed 15 wheel, is located at an end portion of
the integral segment-shaft structure as shown in Fig. 9, end surface 6
present on the fuexcieedsl 5s5eghenmeghanitalll pawitt beacomes gebirnini dimeh-end
surface 6 as defined in the present invention. 20 According to
anot her enbodi mensionhalhprecdsdéon.i nThet reaspanifodi whis és bedhieSedf tiche
above-enuner at ed enbodi nents of the present invention), as shown in Figs.
15, 17 and 18, th&esédeown ithasgradiffemenicenbetyegnethes paterselusom—e of

t he nechanical'park as, in 2 an quter surface thereof, two openings
communi cati ng phggogy,efn thfemR6hREHCadn BagHe 258 the PREPHBRLRENGSL s

ocaten L1 sne of shiosBiA%y LeoiteULLRath Bhckiss' Tu5glk eI
from the embodiments of Figs. 10(a), 10(b), 10(c) and,
therefore, the wall thickness of the mechanical part is
largely varied between the shaft portion and the
toothed wheel portion. In such a case, a shrinkage of
10 the resin becomes large at a portion in which a wall
thickness thereof is large. Thus, the effect of the
formation of the hollow becomes unsatisfactory. On the
other hand, a mechanical part in which the R1l/rl ratio
is less than 1 is of nb’practical use. In the present
.15 invention, the R1l/rl ratio is preferably 1 to 4. 1In
this émbodiment, when the mechanical part has two or
more toothed wheels and/or has a shaft having two or
more different diameters, it is requisite that the
R1/rl ratio be 1 to 5 with respéct to any combinations
20 of diameters of the root circles (R1l) and two or more
different diameters of the shaft (rl).
According to still a further embodiment of the
present invention (embodiment of item 6 of the above-

enumerated embodiments of the present invention), as

25 shown in Fig. 11, at least a part of the functional



‘bei ng separated by a distance equal to the length of 5 the axis of the
I ntegral segnent-shaft structure, and the other opening is located in
recess 18 forned in an outer surface portion other than the two opposite
end surfaces, recess 18 being concaved in a direction fromthe outer
surface portion toward the axis of the inte- 10 gral segnent-shaft
structure. This enbodinent is preferable #Ben both two openi ngs cannot be
formed in the two opposite end surfaces of the integral, segnent-shaft
structure due to the design or function of the nmechanical part,or the
construction of t#egment copgtitutemerolheroleni #g geBEERl) o¥ALAETEN an
outer surface portion other than the two opgosite e aces

. . ﬂd sug-, f Q_is
| ocated in recessh3¥iRgnRa§RALFniAtAPFRLLY oROFMETh FRETBWLER 2EPr WidehE ti on

toward the axis of the.int | t-shaft st : t .of the nme-
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above-enunerated empodiment is advantageous because it has not only high
dimensional precision and excellent material-recycling
characteristics, but also can be produced with.high
productivity.

10 According to still a furthef embodiment of the
present invention (embodiment of item 7 of the above-
enumerated embodiments of the present invention), as
shown in, for example, Fig. 11, at least a part of the
functional segment consStitutes roller.2 coaxially
15 formed with shaft 1, and roller 2 satisfies the rela-

tionships represented by the formula R2/r2 = 1 to 4, in

which R2 represents the diameter of roller 2 and r2

represents the diameter of shaft 1 (see Fig. 11).  The

mechanical part of this embodiment is especially advan-
20 tageous because of the high dimensional precision of
the roller. However, when the R2/r2 ratio exceeds 4,
the mechanical part becomes poor in dimensional preci-
sion. The xeason for this is considered to reside in
that a difference between the external morphology of

25 the mechanical part and the morphology of the hollow



enbodi nents of the present invention), as shown in, for exanple, Figs.
10(a), 10(b) and 10(c), at least a part of the functional segnent
constitutes toothed wheel 7. 5 In general, toothed wheels having a
shaft integrally forned therewith are widely used in various fields, such
as aut onobil es, ordinary machinery, precision machinery and electric and

el ectroni c equi pnent. The nechani cal part4éf-the above enbodinent is

advant ageous 10 because it has not only high di nensional precision and
excellent material -recycling characteristics, but also can be produced wth
hi gh producti vi t@?e%%%rﬂhﬁﬁe%B berpmes largeecss cdbbierent &romnhehpresent

I nvention (enbodi nent, of item5, of the above- 15 e unerag d enbodi nent s
of the present |FRRAEIBRARE Qf Eh%mmlin?nﬁortgﬁﬁﬂﬁ?ﬁ?'F?ﬁ%.wi ia}?lﬁb(b) and
10(c), at least a part_.of,the functional segpent constitutes,toofhed wheel
7 conxial 1y 1 or rbgRe o EharPeshanteel CorREd anberos iy AL BFFusen

relationships'regﬁgs éfgfﬁgrt'oannéggqéo% i%ﬁf%é%&ﬁﬁn} t 2ﬁagﬁlghich R1

represents the draneter Foot CiFC eel

representssthe diaggteg Qﬁrgﬂﬁééelof-r@ﬁﬁgfﬁ?gﬁiSé‘éoﬁ?é‘étlé’ géNag gmbodi ment

I s especi al l y advant ageous becalise of t di nensi onal “preci sion of the

teeth 25 of SOPEI6H YheGhidh aHRNBYetni¥kR8ss hen&déod {8118rge.
Thus, the effect of the formation of the hollow becomes
unsatisfactbry. On the other hand, a mechanical part
in which the R2/r2 ratio is less than 1 is of no prac-
10 tical use. 1In the present invention, the R2/r2 ratio
is preferably 1 to 3. 1In this embodiment, when the
mechanical part has two or more rollers and/or has a
shaft having two or more different diameters, it is
requisite that the R2/rZ ratio be 1 t§ 4 with respect
15 to any combinations of diameters of the rollers (R2)
and two or more different diamete;s of the shaft (r2).
For example, in the case of a ﬁéchanical part as shown
in Fig. 8, which has shaft 1 having two different-
diameters and roller 2, in this.embodiment, it is
20 requisite'that the R2/r2 ratio be 1 to 4 with respect
to any combinations of diameters of roller 2 (R2) and
two or more differént diameters of shaft 1 (r2).
According to still a further embodiment of the
present invention (embodiment of item 8 of the above-

25 enumerated embodiments of the present invention), as



- 42 - exceeds 5, the nmechanical part becomes poor in dinen- sional

preci sion. The reason for this is believed to reside in that a difference
bet ween the external nor- phology of the nmechanical part and the norphol ogy
of 5 the hol |l ow present therein becones |large as different fromthe
enbodi ments of Figs. 10(a), 10(b), 10(c) and, therefore, the wall thickness
of the nmechanical part is largely varied Hétween the shaft portion and the

t oot hed wheel portion. In such a case, a shrinkage of 10 the resin
beconmes | arge at rt,ion in which_a wall thicknes thereof IS
Thus, the effectS SPB’Phé'nf'orft‘?&’t CFAEL & 1901 1w B tufs RErL 3’{3'33? On

t he ot her hand, han aI art .in which the Rl/rl1l ratio_is _l,.ess than 1
is of no practicglnﬁg PESEHPSf%QUteS P % CPREBLAYL ratio is

preferably 1 to dwt%h%mﬁl qen%hﬁv\/l}%rhtet}e zrr%%@a%hcgl s@?:;ftacjéas two or

nor e toot hed mhee shdf avin or nore di ent

di aneters, it |st5%ng§l§? hat hh%a@ r%%?%hb%fl o} éﬁﬂiﬁ@rr§§ﬂﬁpt to

any conblnatlons 20 | ameters o the t C|r es (R1) and two or

nore diffemsent dipdeRhebT @rdove -1haf tandr Po1185Cer @Iaﬁ-.qstﬂe%t 't'h'e Fd1at her
enbodi nent of the present i nventi.on (enmbodi nent of item 6 of the above-

enuner at ed enbodicienishipls eprRisented by &he Eormuda 23/R3 2siQW) itk Fig.

11, at least a part of the functional
which r3 represents the distance between the inner
bottom of groove 14 and the axis of the integral seg-
ment-shaft structure, and R3 represents the radius of

" 10 the circular cross section of roller 2 at a portion
thereof having no groove. The mechanical part of this
embodiment is especially advantageous because of its
high dimensional precision and high accuracy in move-
ment. A representative ®"example of uses of a grooved

15 roller is an application in which a pin having two

opposite end portions is provided separately from the

roller, and one eéend portion of the pin is secured to an

object other than the roller and the other end portion -

AR

of the pin is inserted in the gfoove of the roller, so
20 that the object having the pin inserted in the groove
reciprocally moves along a line parallel to the axis of
the roller in accordance with the rotation of the
roller, to thereby transmit the movement of the roller
to the pin. Such a grooved roller is widely used as a

25 mechanical part in various types of printers and print-



- 43 - segnent constitutes roller 2. In general, rollers having a shaft
integrally formed therewith are wdely used in various fields, such as

aut onobi | es, ordinary machi nery, precision nachinery and electric and el ec-
5 troni c equi pnent. The nechani cal part of the above enbodinent is
advant ageous because it has not only high di nmensional precision and
excellent material -recycling characteristi gg, ~but al so can be produced with
hi gh productivity. 10 ' According to still a further enbodi nent of

t he present invention (enbodinent of item7 of the above- enunerated

enbodi nents of therppestabnsneénvaripnsatyphewnfi equiipmestanple, Fig. 11,

at least a part of the functional segnment constitutes roller 2 coaxially 15
formed with shaft 1, ako tbel embedimensf pésitrm Bepd- theopsRFEBtr dpVevent ed
by the formula R2/r2 = 1 to 4, in which R2 represents the dianeter of
roller 2 and r2 r&pPBsekhe CRPtHi afethe 6F°§H§fﬁ°¥n@séé Flﬁ“riéfe Phcthe
mechani cal part of enbodi nent especi a adv eous

because of the hlﬁﬂigﬁﬁeﬁ§|ﬁﬁﬁlsﬁPéé;§l &Raps t ﬁewFGFgePf FbﬁegﬁPo fhen the
2112 vt oseroeod, 1 bIERURRAE Eah REM aBEATER, AR g-BePh TR R e
difference betmeeghéﬁetﬁétgga@h g?rBH8'89809E the end portion of a pin
which is inserted in the groove is likely to come out
of the groové during the rotation of the roller. The
groove of the roller is formed by a corresponding
10 convex portion formed on the cavity wall of the mold.
The groove is generally formed spirally on a surface of
the roller, but it is possible to select an appropriate
one from various types of morphology of grooves, de-
pending on the rate and’cycle of the reciprocating
15 movement of a pin to be inserted in the groove. Fur-
ther, in this embodiment, the roller satisfies the
relationships represented by the formula r3/R3 3z 0.5,

" in which r3 represents the distance between the inner

[

bottom of the groove and the axis of the integral

20 segment~shaft structure, and R3 represents the radius
of the circular cross section of the roller at a por-
tion thereof having no groove. When r3 and R3 have
relationships represented by the formula r3/R3 < 0.5,
the mechanical part becomes poor in dimensional preci-

25 sion. The reason for this is considered to reside in



25 t he nechani cal part and the norphol ogy of the holl ow - 44 -
present therein becones large as different fromthe enbodi nent of Fig. 11
and, therefore, the wall thick- ness of the mechanical part is largely

vari ed between the shaft portion and the roller portion. In such a case, a
shrinkage of the resin becones large at a portion in which a wall thickness
thereof is large. Thus, the effect of the 4pr+mtion of the holl ow becones
unsati sfactory. On the other hand, a mechanical part in which the R2/r2
ratiois less than 1 is of no prac- 10 tical use. In the present

i nvention, the Ruhat rtheé doressurizinglgfiect G a rhehiew-eimyoeingnfluigen
the nmechanical part has two or nore rollers and/or has a shaft having two
or nore differentcanngietke stullyiexertpdsite that the R2/r2 ratio be 1 to 4

with respect 15 to an onbi pati ons. of dianeters of the rallers (R2).
and two or nore di ffer%n?g"df%ﬁ’é‘?‘gr'%eﬂ?oq HeP% HRFAYG NG Hhg ’e‘,’ain t he

i frerent. o anot SIS OIE ﬁ%@’?‘i‘nn%fﬁ#%ﬂgﬁgﬁrb&“%goﬂ%s@ﬁé@%kﬁgvi gt
requisite tdat t%{@eyﬁﬁ%f’a%@ﬂ § Oaovh LD ¥ fsﬁ?fé ﬁ&ﬁ@% nag;jgns

of dianeters of wo or nore different of “"shaft
1(r2). mechanical part-is produced by injecting a resin in a

molten form into the cavity of a mold to be used in
molding through the gate to form a molten resin mass in
the cavity, and introducing a hollow-forming fluid

10 under pressure into the molten resin mass through the

gate to form a hollow within the molten resin mass. 1In
this method, it-is requisite that the gate be 'located
in register with a position within a terminal region of
the cavity which region has a length of 1/10 of the

15 entire length of a hollow, integral, functional seg-

ment-shaft structure to be produced as measured along
an axis thereof, so that the hollow, integral segment-
‘shaft §tructure-satisfies the relationships defined by.
the following formula (1):

20 | 0.9 g L(b)/L(a) g 1 (1)
wherein L(a) represents the entire length of the
integral segment-shaft structure as measured along
the axis thereof, and L(b) represents the length
of the hollow as measured along the axis of the

25 integral segment-shaft structure.



According to still a further enbodiment of the present invention
(enbodi nent of item 8 of the above- 25 enuner at ed enbodi nents of the
present invention), as - 45 - shown in, for exanple, Fig. 12, at |least a
part of the functional segment constitutes roller 2 coaxially fornmed with
shaft 1, and roller 2 has on a surface thereof groove 14 having a depth of
not smaller than a 5 wi dth of groove 44, -and roller 2 satisfies the
rela- tionships represented by the formula r3/R3 [err] 0.5, in which r3
represents the di stance between the inner bottom of groove 14 and the axis
of the integral seg- AFBnthehabpovermgstiraecdapgeerrepr aedhes ofe thedi us of
10 the circular cross section of roller 2 at a ortlog ;Hereof havi ng
no groove. The nBEﬁﬁﬁP@aPnH§PFlBP'tﬁﬁsméﬁﬁéﬁpﬁgnﬁbpgeesﬁe Patey-forming
advant ageous becayse ,of its high dinensiqnal preci.si.on and hi accuracy in
31 e ndle

move- nent. A repr8i8nlBaer.PERSAPEE &f DELO C3d99859e el leris
o El At O | DM R P AT ST SRS i Sk o Y 00,
e Skt e e o, SNBSS P 14, 1o
pin inserted in ERenAHORYCa position between a nozzle which is located
at a forward end portion of the cylinder of the molding
machine, and the gate. For example, an inlet for
introducing a hollow-forming fluid is formed at the
10 nozzle, or at a sprue or runner of the mold or the
like. (For example, when it is desired that a hollow-
forming fluid be introduced from a nozzle of the mold-
ing machine, a nozzle disclosed in Unexamined Japanese
Patent Application Laid™Open Specification No. 4-90315
15 can be employed.) The method of the present invention
in which a hollow-forming fluid is introduced into the
molten resin mass through the gate but not through a
portioﬁ of the cavity wall other than the gate, is high
in productivity because after ﬁhe molding, there is no
20 need for cutting off a portion of the resin other than
a portion of the resin corresponding to the gate. By
contrast, in the method disclosed in Unexamined Japa-
nese Patent Application Laid-Open Specification No. 5~

208460, a hollow-forming fluid is introduced into the

25 molten resin mass through an opening of the cavity wall



reciprocally noves along a line parallel to the axis of the roller in
accordance with the rotation of the roller, to thereby transmt the
novenent of the roller to the pin. Such a grooved roller is widely used as
a 25 mechani cal part in various types of printers and print- - 46 -
er portions of various types of equipnent. In the enbodi nent of item 8 of
the present inven- tion, the depth of thkeé4§reove found on a surface of the
roller is not smaller than the width of the groove. 5 This is because
when the depth of the groove is snmaller than the width of the groove, the
end portion of a°ﬁhﬁrmghéﬁ ithej gatereqoi thake aftesyshies moilddng ,t dtcdse out
of the groove during the rotation of the roller. The groove of the roller
is fornmed by a cBPFESEARAI kg £Onductcgnyaddisionad s&ERedosn cuptingyofif

wal | of the nold_, The,groove is generally formed spirally on a surface of
the roller, but PtPP§tg8§sPEIEiﬁorgéFBchﬁﬁeEBBPSbBFaFQ %H@ PPERLRSr Pdus

f hol ; - ' a_th d I f. th
roei procating 15008 CasdERONELy, USegPRBE Uhe TnkaPabBhEnR Re HReCbEL- Fur-

reci procating 15 _ a pin-To Db _ :
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di stance betweenmbtBBolNBE’ the present invention is excellent in produc-
tivity in this respect, as compared to the method of
Unexamined Japanese Patent Applicaﬁion Laid-Open Speci-
fication No. 5-208460.

10 According to another embodiment of the method of
the present invention (embodiment of item 10 of the
above-enumerated embodiments of the present invention),
for preventing a hesitation mark and for increasing a
hollow ratio, an auxilidry chamber communicated with

15 the mold cavity is used (an auxiliary chamber is also
called an "auxiliary cavity" or a "sacrificial
cavity"). The auxiliary chamber is used for receiving
a portion of a molten resin mass which is pushed out of
the mold cavity under the pressﬁre of the introduced

20 hollow-forming fluid. An auxiliary chamber is dis-
closed in Unexamined Japanese Patent Application Laid-
Open Specification No. 3-121820. When a molten resin
is injected into a mold cavity to form a molten resin
mass in a manner such that the cavity is filled with

25 the molten resin mass, and a hollow-forming fluid is



bottom of the groove and the axis of the integral 20 segnent - shaf t
structure, and R3 represents the radius of the circular cross section of
the roller at a por- tion thereof having no groove. Wen r3 and R3 have
rel ati onshi ps represented by the formula r3/R3 < 0.5, the nechanical part
beconmes poor in dinensional preci- 25 sion. The reason for this is
considered to reside in - 47 - that the-psessurizing effect of a

hol l ow-form ng fluid cannot be fully exerted. A preferred nmethod for
produci ng the nechanical part of the present invention is described in the
5 enbodi ment of inteedocedovnder| pressgreasntonehaonold heavibbyiahi hed
part is produced by injecting a resinin a nolten forminto the cavity of a
mold to be used in W@Féiﬁ@etﬁﬁéﬁgﬂ'Fﬁ%l@aVéthguFoFﬁiagn%$t%Hx%éé?ﬁynﬁ &M
the cavity, and introducing a hoIIQMFforning fluid 10 ugger Eressure
into the nol ten resPREneRQ RRFSLARIPAMYEE CFEUFBr nPAtHDI ROWANt FRRIPhe

nmolten resin mass. Jn this netho It.is_reguigsi t hat _the gate.be | ocated
" regi ster with a POSPRRBvRFFniAvaEtefs: FAF Pekfan Errpifio CELR g GRRcRe
negral . funtt onatAEsgaoRet obig 7 ep BEbhE oo RS Pouty Ge ' Rrttiay-
al ong age of the molten resin which occurs upon the cooling‘
and solidification of the molten resin. This results
in poor dimensional precision due to a'warpage or a
sink mark. In addition, because the resin thickness
10 becomes large, a cycle time of molding is prolonged, so
that the productivity becomes low. In this embodiment
of the method of the present invention, an auxiliary
chamber is used and a molten resin is injected so as to
£fill the mold cavity fo¥ forming the hollow, integral,
15 functional segment-shaft structure. Since the cavity
is already filled with the molten resin mass at the
time of completion of the injection of the resin, a
flow front of the molten resin is present in the auxil-
iary chamber or at a path for cbmmunicating the cavity
20 with the auxiliary chamber, thereby preventing occur-
rence of a hesitation mark on the integral segment-
shaft structure. In the present invention, a method
for injecting a molten resin into a mold cavity for

forming the integral segment-shaft structure, in an

25 amount which fills or almost fills the mold cavity with



an axis thereof, so that the hollow, integral segnent- shaft structure
satisfies the relationships defined by the followng fornula (1): 20

0.9 [err] L(b)/L(a) [err] 1 ' (1) wherein L(a) represents the entire
. length of the integral segment-shaft structure as neasured al ong the axis
thereof, and L(b) represents the length of the hollow as neasured al ong the
axis of the 25 i ntegral segnent-shafé& structure. - 48 - In the
above-nmentioned preferred method of the present invention, as nentioned
above, a hollowform ng fluid under pressure is |ntroduced into the nolten
resin mass through mabtgat ceahdemapseisurallatepef fudl-ghot manhpdlet for

i ntroducing a hollowformng fluid is fornmed at a position between a nozzle
which is |ocated é?nathﬁrﬁégﬁrehﬂnﬂor?lBﬁtdetﬁ@rcyPDﬁBEFRBfatﬂﬁlﬁBPdlng
machi ne, and the gate. For exa an.inl i nt roduci p

hol 1 ow f or m ng f|§?alps%?nadm"§i3tﬂ%vmy orngorPendorha [Hedgral or
runner of the hold oretg_ h %g. é npl e, _when .n Sh gﬁ iggv Qat a
hol | ow form ng f PEPGBe~PFRRF 6db EECF?B lﬂo??l%mg? FrerHeitg nBchi ne,

| e digcl | J L
gpggffigat:gﬁ ﬁé?ggégs gééaflffgd @PeResemERLER! rA0Ph! fi3L4 OPn LEhg- ERG DLy

is called a "short-shot method".) Further, Unexamined
Japanese Patent Application Laid-Open Specification No.
3-121820 discloses a method in which an auxiliary
chamber is used in addition to a mold cavity, and the

10 auxiliary chamber is not communicated with the mold
cavity at the time a molten resin is injected into the
cavity, and the auxiliary chamber is communicated with
the cavity at the time a hollow-fbrming fluid is intrp-
duced under pressure into a molten resin mass in the

15 cavity. This method can suitably be used in the
present invention.

Further, in the above-mentioned embodiment (corre-
sponding to embodiment of item 10 above), the auxiliary
chamber is communicated with thé mold cavity through an

20 opening formed in one of two opposite end walls of the
cavity, the two opposite end walls being separated by a
distance equal to the length of an axis of the cavity
which axis corresponds to the axis of the integral
segment-shaft structure to be produced. Fig. 3 illus-

25 trates a representative example of the location of path



15 can be enployed.) The nethod of the present invention in which a
hol l ow-formng fluid is introduced into the nolten resin nass through the
gate but not through a portion of the cavity wall other than the gate, is
high in productivity because after the nolding, there is no 20 need for
cutting off a portion of the resin other than a portion of the resin
corresponding to the gate. By contrast, in<I52 nethod disclosed in

Unexam ned Japa- nese Patent Application Laid-Qpen Specification No. 5-
208460, a hollowformng fluid is introduced into the 25 nmolten resin
mass through an operf mpmiunivatiang tshenadadvity wish auwriidemghshamheryad.e in
so that after the nolding, it is necessary to conduct an additional step
for cutting off a poenngciion tvlthedm W@@gﬂorﬁﬁw&t@% Yo FEANEEWRe t he
cavity wall used for the introduction of the hol - | owform ng fluid,-

thereby |owering pr ®ARRYi§We rofhkenfet hdd cﬁoﬁqﬂé:tp‘t%@nthqlr%?é’nﬁ gtdon
Cnorarmned Dapances MALAd Sk Y Fr 2R %q»awﬁ-@a%,f‘?}ﬁ”m Yo
TN S o A
enbodi ment s of the PR SE%hx; f§¥§'cr9mber as shown in Fig. 1 and Fig. 2.
However, when communication path 5 is located in posi-
tions as shown in Figs. 1 and 2, the integral segment-
shaft structure has a low coaxiality and a high degree
" 10 of run out, so that the location positions of path 5 as
shown in Figs. 1 and 2 are out of the scope of the
present invention. (In the case of the location of
path 5 as shown in Figs. 1 and 2, the integral
segment-shaft structufélhas, in an outer surface there-
15 of, three openings communicating with the hollow.) The
reason why desirable results cannot be obtained in the
methods shown in Fig. 1 and Fig. 2 is believed to
reside in the morphology of the hollow. It is more
preferred that path § communic#ting the mold cavity
20 with the auxiliary chamber be located so that the axis
of the hollow of the integral segment-shaft structure
passes through the opening which is formed on an end
wall of the cavity and communicates the mold cavity
with the auxiliary chamber. By this more preferred

25 method,'the integral segment-shaft structure has a high



for preventing a hesitation mark and for increasing a hollow ratio, an

auxi liary chanber communicated with 15 the nold cavity is used (an
auxiliary chamber is also called an "auxiliary cavity" or a "sacrificial
cavity"). The auxiliary chanber is used for receiving a portion of a nolten
resin mass which is pushed out of the nold cavity under the pressure of the
I ntroduced 20 hol lowformng fluid.- A8 auxiliary chanber is dis-
closed in Unexam ned Japanese Patent Application Laid- Open Specification
No. 3-121820. Wien a nplten resin iis injected into nn# .cayit &o form a
nﬁltenlre5|n nasglmﬁnﬁlﬁﬂﬂﬁePrEEéﬁlPHat The rg3sey ?grf ﬂ?@dlﬁd¥ﬁ sgved
the nolten resin nass, nd a-h fluid duced
under pressure |ﬁPorFﬁé frofB E§9Ft§§fgﬁF§d Rf?hpfﬁgeﬁﬁF?eﬁégggg "kh hout
using an auxilia n o] ut ~a+heal ratio
becomes very Iomﬁé%% n%ﬁggﬂgflgﬁf %hﬂgFgﬁgg%a%ggéégvg Eolﬁggo 8g§d
only in an amount corggspRadhBgvLO ane%haﬁ oRBSA2heh € (BBELEBPBAGIAGNNI Ch
occurs upon the cooling an P|cat|on of the nolten resin. This
results ingpoor gpnemRbb@RAbnkr 8¢i $teft doeabeva)weEpese methodi o mhek. In

addi tion, because the resin thickness 10 becones | arge, a cycle tine of

nol ding i s prol opgegentOinvention, it is preferred that the gate be
located at a position close to the end wall of the
cavity remote from the auxiliary chamber. More specif-
ically, it is preferred that the gate be located in

10 register with a position within a terminal region of
the cavity which region has a length of 1/10 of the
entire length of a hollow, integral, functional seg-
ment-shaft structure to be produced as measured along
an axis thereof, the fétminal region being remote from
15 the auxiliary chamber.

In the above-mentioned embodiment (corresponding
to embodiment of item'9 above) of the method of the
present invention, it is requisite that the gate be
located in register with a position within a terminal

20 region of the cavity which region has a length of 1/10
of the entire length of a hollow, integral, functional
segment-shaft structure to be produced as measured
along an axis thereof. As a result, the obtained
integral segment-shaft structure satisfies the rela-

25 tionships defined by the following formula (1):



that the productivity beconmes low. In this enbodi nent of the nethod of the
present invention, an auxiliary chanber is used and a nolten resin is
injected so as to fill the nold cavity for formng the hollow, integral, 15
functional segment-shaft structure. Since the cavity is already filled
with the nolten resin mass at the tinme of conpletion of the injection of
the resin, a flow front of the nolten resi 584is present in the auxil- iary
chanber or at a path for conmunicating the cavity 20 with the auxiliary
chanber, thereby preventing occur- rence of a hesitation mark on the
integral segment- shaf0-9t Bud{BEL(p) €hd-fresent in¥édtion, a method for
injecting a nolten resin into a nold cavity for forning,the I nt egr al
segment - shaft st r GeeuPBPofimgnto{ corregpangingntenerpPPriimgptaphodiem 9 s
the mold cavity mﬁ%h - 51b- a_nmolten resin mass isbcalledoa o Ia-shot
method”. (On the BPR¥FINGAE P& RELRSACEG: MPRLERFALYaPKoPPRROPELA S N 0 a
mold cavity for f ' l.at.eqr L& e nt - % t l.n .an unt
whi ch | eaves a 5 ggghgggggsngﬁgng?e aw??ﬁaamégﬁ én§%égﬁngh§§§£§ﬁ %H%go
cavity is cslled gLeShgLtishot t? | urthen. aU LNe? Jdapaness
Pat ent Application ﬁa?g-épzﬁ Sgggi ?gg?%gg’h%h é-iz?gégﬁgiscloses a net hod
in which an auxilkg@k¥n injected into the cavity is increased, a volume
of a hollow-forming fluid subsequently introduced into
a molten resin mass .in the cavity is decreased, so that
-the length L(b) becomes small. On the other hand, when
10 a volume of a molten resin injected into the cavity is
decreased, a volume of a hollow-forming fluid intro-
duced into a molten resin mass in the cavity is in-
creased, so that the length L(b) becomes large. There-
fore, if the L(b)/L(a) %atio is less than 0.9, the
15 relationships defined by the formula 0.95L(b)/L(a)gl.0
can be satisfied by decreasing a volume of a molten
resin injected into the cavity to thereby increase the
length L(b). However, when a volume of a molten resin-
to be injected is decreased too much, the wall of a
20 hollow molten resin balloon is broken under the pres-
sure of the hollow-forming fluid, so that the pressure
of the hollow-forming fluid is relieved before the
molten resin solidifies, and, therefore, a satisfactory
molding cannot be conducted. Consequently, according

25 to the embodiment (corresponding to embodiment of item



chanber is used in addition to a nold cavity, and the 10 auxiliary
chanber is not comunicated with the nold cavity at the tinme a nolten resin
is injected into the cavity, and the auxiliary chanber is comrunicated with
the cavity at the time a hollowformng fluid is intro- duced under
pressure into a nolten resin nmass in the 15 cavity. This nmethod can
suitably be used in the present invention.5Further, in the above-nentioned
enbodi ment (corre- sponding to enbodi mrent of item. 10 above), the auxiliary
chanber is communicated with the nold_cavity through an 20 .openi ng
fornmed in one of PwAPepPdsi it &AdlikelLy §ha¥h§h€a¥?P)(L(ﬁé rableppeskt e end
wal | s bei ng separated bé a di stance egual to the Iength of an axis of the

cavity which axi sPebrPBEPBRJ4-Po PRE BRromes {A8S; KhEBr it Vsegrent - shaft
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Fig 2. the gate be located in register with a position within
a terminal region of the cavity which region has a
length of 1/10 of the entire length of a hollow; inte-
gral, functional segment-shaft structure to be produced
10 as measured along an axis thereof. As a result, the
integral segment-~shaft structure satisfies the rela-
tionships defined by the following formula (1):
0.9 £ L(b)/L(a) £ 1.0 (1)
The embodiment (corresponding to embodiment of item 10
15 above) can be practiced more easily by regqulating a
volume of a molten resin to be injected into the cavity
and, if desired, an internal volume of an auxiliary
chamber. For instance, when an increased volume of a.
molten resin is injected into éhe cavity, a volume of a
20 hollow-forming fluid subsequently introduced into a
molten resin mass in the cavity is decreased, so that
the length L(b) becomes small. On the other hand, when
a decreased volume of a molten resin is injected into
the cavity, a volume of a hollow-forming fluid intro-

25 duced into a molten resin mass in the cavity is in-



However, when comrunication path 5 is located in posi- tions as shown in
Figs. 1 and 2, the integral segnent- shaft structure has a |low coaxiality
and a high degree 10 of run out, so that the | ocation positions of path
5 as shown in Figs. 1 and 2 are out of - the scope of the present invention.
(I'n the case of the location of path 5 as shown in Figs. 1 and 2, the
integral segnment-shaft structure has, in an ggter surface there- 15 of ,
t hree openi ngs conmunicating with the hollow.) The reason why desirable
results cannot be obtained in the nethods showmn in Fig. 1 and Fig. 2 is
believed to reside cirebBedjosphehagy the Leaghhl Low) becomesviargeef eFued
that path 5 conmmunicating the nold cavity 20 wth the auxiliary chanber
be located so that theraxwheanf anhénhkelrhew sbluhe bfit egr ahxidjaryt chhmber
structure passes through the opening which is forned on an end wall of the
cavity and conmuni cisedecheasedd sadecyensed vhduamexpPfi ar podhawbéPrmppgt hi s
nore preferred 25 met hod, the integral segnent-shaft structure has a

hi gh - 53 - di nefidnédaispiagredysedThatreasBrlten ragin; Baps| fBvERS o
reside in thag by this nore preferred nethod, the hoIIOM/beconﬁienearl¥
symmetrical rdlativEa¥dt¥he SRxithat| fhendengshe it PEROHSEBBAL fent On the

(corresponding other hand, when an internal volume of an auxiliary

chamber is increased, an increased volume of a hollow-
.forming fluid is introduced into a molten resin mass in
the cavity, so that the length L(b) becomes large.
10 Therefore, if the L(b)/L(a) ratio is less than 0.9, the
relationships defined by the formula 0.9 gL(b)/L(a) g
1.0 can be satisfied by injecting a decreased volume of
a molten resin into the cavity or by increasing an
internal volume of an duxiliary chambér to thereby
15 increase the length L(b). In a most preferred embodi-
ment, the auxiliary chamber is communicated with the
mold cavity through an opening which is formed in one
of two-opposite end walls of the cavity, the two oppo-
site end walls being separated hy a distance equal to
20 the length of an axis of the cavity which axis corre-
sponds to the axis of the integral segment-shaft struc-
ture to be produced, the one end wall being positioned
-on a side remote from a gate, and, in addition, the
volume of a molten resin and the internal volume of an

25 auxiliary chamber are regulated so that the hollow-



5 to enbodi rent of item 10 above) of the nethod of the present
invention, it is preferred that the gate be located at a position close to
the end wall of the cavity renote fromthe auxiliary chanber. Mre specif-
ically, it is preferred that the gate be | ocated in 10 register with a
position within a term nal region of the cavity which region has a | ength
of 1/10 of the entire length of a hollow bAtegral, functional seg-
ment - shaft structure to be produced as neasured al ong an axis thereof, the

termnal region b e from 15 the auxiliary chanber. In the
above- nent i oned eﬁﬁﬁg? n?&PéGrF€§§6ﬁth§ ?Bxé#ﬁBHYnﬁﬁ?mB?ri§Eﬁ1Sh&bove) of

| ocated in regi stREPYERSY 8%??{;: g?b%‘?ﬁu B-8Ter i nal 20, t:]:r oo §n:§r the
h n of, a hol | ow,

?ﬁrg;¥arhlgnn£$?gggl aéﬁ%%ﬁﬁngﬁafg g%f%@tﬁ?% g%rb%m%?gﬁﬂe a8 FBSsured

al ong an axis the&&eﬁﬁdpéfatﬁésékéseﬁ? 18@%&£ES Ineg&gﬁeﬁﬁggf iF%&nié

structure satisfies rel a- | onshi ps

formula (1)s o§4the0aﬂoﬁéiéﬁuﬁépaéé&g%mﬁgﬂiﬁeﬂtg of the prééénghe

enbodi ment (correspondi ng to enbodi nent Item 9
invention), as shown in, for example, Figs. 3 and 6(a),

the auxiliary chamber is communicated with the mold
cavity through an opening which is formed in one of two
opposite end walls of the cavity, the two opposite end
" 10 walls being separated by a distance equal to the length
of an axis of the cavity which axis corresponds to the
axis of the integral segment-shaft structure to be
produced, the one end wall being positioned on a side
remote from the gate. "By this embodiment of the method
15 of the present invention, the integral segment-shaft
structure of the embodiment of item 2 of the above-
enumerated embodiments of the present invention is
obtained which has improved coaxiality and a low degree
of run out.- With respect to tﬁe reason why the inte-
20 gral segment-shaft structure obtained in this embodi-
ment is especially excellent, various presumptions can
be made. However, the reason is believed to reside in
that flow patterns of a molten resin and a hollow-
forming fluid in the cavity become symmetrical relative

25 to the axis of the integral segment-shaft structure to



above) can be practiced nore easily by appropriately regulating the volune
of a nolten resin injected into 5 the cavity. For instance, when a
volune of a nolten resin injected into the cavity is increased, a vol une of
a hollowformng fluid subsequently introduced into a nolten resin nass in
the cavity is decreased, so that the length L(b) becones small. On the

ot her hand, when 10 a volune of a nol temgrasin injected into the cavity
is decreased, a volune of a hollowformng fluid intro- duced into a nolten
resin mass in the cavity is in- creased, so that the length L(b) becones

| arge. There- forebei prodaced)) ealitdhnigo ihs al ans formnwadld, thiekhess of

rel ati onships defined by the formula 0.9[err]L(b)/L(a)[err]1.0 can be

sati sfied by decreabendgniegralnsegineatrshedt sésuctumesct Fhei meom Meaddvi ty
to thereby increase the length L(b). However, when a volune of a nolten
resin to be inject &tickngse’'cased hereincheanseawndistencg petweenhgheow
nolten resin ballogn is broken under the pres- sure of the holl owformng
fluid, so that thelpne¥sgugisce padnoLter FYFiRrRE PLEuthe integiradedelef or e
the nolten rgsin soli if'e%, and, therefore, a satisfactory nol ding cannot
be conducted. Cons®gh ﬁFh?,taééﬁpﬁfﬁﬁeZS to the enbodi ment

(corresponding to enbOdhg%%Ed%%g' eTh fu}tggr-embodiment of the method of

the present invention (embodiment of item 12 of the
above~enumerated embodiménts of the present invention),
as shown in, for example, Figs. 20(a) and 20(b), a

10 protrusion is formed in a wall of the mold defining the
cavity, the protrusion corresponding to a recess which
is to be formed in the integral segment-shaft struc-
ture at its outer surface portion other than two oppo-
site end surfaces separiated by a distance equal to the

15 length of the axis of the integral segment-shaft struc-
ture to be produced and which is to be concaved in a
direction from the outer surface portion toward the
axis of the integral segment-shaft structure, and-
wherein the gate is located in ﬁhe protrusion in the

20 wall defining the cavity and directed so that the

molten resin is injected into the cavity in a direction

perpendicular to an axis of the cavity which axis

corresponds to the axis of the integral segment-shaft

structure to be produced. This embodiment is prefera-

25 ble when both two.openings cannot be formed in the two



9 above), it is likely that the L(b)/L(a) ratio does not becone 1.0, but
becones less than 1.0. In the enbodi nent (correspondi ng to enbodi nent of
item 10 above) as well as the enbodi nment (corresponding 5 to enbodi nment
of item9 above), it is requisite that the gate be located in register with
a position within a terminal region of the cavity which region has a |length
of 1/10 of the entire length of a hollow-~isge~ gral, functional

segnent -shaft structure to be produced 10 as neasured along an axis
thereof. As a result, the integral segnent-shaft structure satisfies the
rel a- tionships defppesity endt sutfawsnef cheilintegraly. sggmentighigit (a)
[err] 1.0 (1) The enbodi nment (corresponding to enbodi ment of item
10 15 above) cfirugtyredue &P dre desigy oy fughian /f £haongrhaniqg
nolten resin to be injected intqo the cavity and, if desired, an internal

vol ume of an auxi |98k yPaHantdr  theyconatmidoneh He Ntideasdf IR H a

molten resin is ilr}%',ected into the cavity

hol | owforming fl I s udtedihish I-%Pq’}ﬁ%ﬁuc@a’\/%#ge%?o%a 31% AL MERKs in
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18 concaved in a direction from the outer surface
portion toward fhe axis of the integral ségment-shaft
structure, run out of the meéhanical part is largely

10 reduced, as compared to the case in which no such a

recess is used. The reason why such an advantageous
effect can be achie&ed is believed to reside in that,
as shown in Fig. 22, hollow 8 becomes symmetrical
relative to_axié 21. Further, since in this embodi-

15 ment, the molten resin is injected into the cavity in a
direction perpendicular to an axis of the cavity which
axis corresponds to axis 21 of the integral segment-
shaft structure to be produced, the molten resin in-
jected at a high speed into the-cavity collides with a

20 cavity wall surface opposite to the gate at right
angles before flowing and spreading in the cavity, so
that a deteridration of the surface finish condition of
a shaped, hollow resin article due to the so-called

"jetting phenomenon" (a phenomenon in which a scatter-

25 ing pattern of a molten resin remains on the surface of



- 56 - creased, so that the length L(b) becones large. Fur- ther, when an
i nternal volunme of an auxiliary chanber is decreased, a decreased vol une of
a hollowformng fluid is introduced into a nolten resin mass in the 5
cavity, so that the length L(b) becones small. On the other hand, when an
I nternal volune of an auxiliary chanber is increased, an increased vol une
of a hollow formng fluid is introduced-i 600-a nolten resin mass in the
cavity, so that the length L(b) becones |arge. 10 Therefore, if the
L(b)/L(a) ratio is less than 0.9, the relationships defined by the fornmula
0.9 [err] L(b)/L(a)shaped arbieim)beanabesprevenyednj cEhengorphesrgrsed
volunme of a nolten resin_into the cavity or by increasing an internal

vol ume of an auxi¥¢ef§schB8nberthe machedyofsthis ?ﬁ%?@b@%th@fIEhgth L(b)
In a nost preferred enbodi- nent, the agX|I|ary cha

e o PEeSEREoLARCBRL R AR ban] EAF) exhBpley FRLEAGELFaloySe
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cbparated by a di EHencedtadarorss 20 (BNEPPE pRHoBRELS L8pe ERS  nE Lt 1y
uhi ch axis Sorre-o2g0ps 1 911he) axi fafet e hat pgEelc fgﬂeﬂﬁgg&&oﬁ”uc-

ture to be produc one e ei ng pos |one on a side renote
froma gate, and,wiﬂhaﬁgéﬁéEE téh€h¥0h8g§hﬁ%o&y”8ftf@cé@é'ﬂaaaﬁdtgﬁ¥ he

i nternal volune of an auxiliary ef"are regulated so th
hol | ow morphology can be employed as long as opening 4 corre-
sponding to a gate can be located in recess 18 which is
concaved in a direction from an outer surface portion
10 toward the axis of the integral segment-shaft structure
to be produced. However, the larger the area of recess
18 as viewed from just above (i.e., the area of the
circle when the recess is cylindrical), the smaller the
effect of lowering the Wegree of run out. Therefore,
15 it is preferred that the area of recess 18 as view from
just above be as small as possible. However, when the
area of recess 18 as view from just above is too small
and, therefore, the wall thickness of a portion of the
mold which corresponds to recess 18 is too small, it is
20 possible that the mold will be broken under the pres-
sures of an injected molten resin and an introduced
hollow-forming fluid. Therefore, it is preferred that
the area of recess 18 as view from just above be as

small as possible but not smaller than a level at which

25 a portion of the mold which corresponds to recess 18



- 57 - formng fluid enters the auxiliary chanber and the L(b)/L(a) ratio
becones 1.0. According to still another enbodi nent of the nethod of the
present invention (enbodinment of item11l 5 of the above-enunerated
enbodi nents of the present invention), as shown in, for exanple, Figs. 3
and 6(a), the auxiliary chanber is communicated with the nold cavity
t hrough an opening which is formed in one-ofgi1two opposite end walls of the
cavity, the two opposite end 10 wal | s bei ng separated by a distance
equal to the length of an axis of the cavity which axis corresponds to the
axi s of the integratretygnbas-ashwall sthickneestenbteghrbduetthstamd ohkeend
wal | being positioned on a side renote fromthe gate. By this enbodi nent of
the nmethod 15 aboveempgntienedi pyessunes . t hBurtheyr avherghpatdeptitof
structure of the enbodinent of item2 of the above- enunerated enbodi nent.s
of the present invEREPeH 18 65t5?ﬂeﬂm%hlc%rh530i%%¥%%edt%%a§$%??¥y°§nd a
| ow degree of run VVth ect to the reason why the in gra
: Theciom

segnent - shaf t strug?ﬁ?ﬁlﬁgt egﬁe?h? Eﬂ%oﬂ?t 8 1a1$?fer‘
szf?'e'vgznoVsra;;?z:r%SSﬁgmag GareBenlECFs SEARYEEDYL g SO/, oo

of 1/2 to 3/2, more preferably 3/4 to 5/4, most prefer-
ably about 1, wherein tl represents the depth of recess
18 and t2 represents the wall thickness of tpe integral
segment~shaft structure at a portion opposite;to recess

10 18. The term "wall thickness" used herein means a
distance between the inner surface and outer surface of
the integral segment-shaft structure.

According to still a further embodiment of the

method of the present ifivention (embodiment of item 13

15 of the above-enumerated embodiments of the present
invention), as shown in, for example, Figs. 10(a),
10(b) and 10(c), the cavity has an internal morphology
adapted for producing a hollow, iﬁtegral, functional
segment~shaft structure in which at least a part of the

20 functional segment constitutes toothed wheel 7. 1In
general, toothed wheels having a shaft integrally
formed therewith are widely used in various fields,
such as automobiles, ordinary machinery, precision
machinery and electric and electronic equipment. The

25 mechanical part obtained by the method of the above



formng fluid in the cavity become symmetrical relative 25 to the axis
of the integral segnent-shaft structure to - 58 - be produced, resulting
in auniformwall thickness of the integral segnent-shaft structure. The
term"wall thickness" used herein neans a distance between the inner
surface and outer surface of the integral seg- 5 ment - shaft structure.
According to a further enbodi nent of the r& hod of the present invention
(enmbodi nent of item 12 of the above-enunerated enbodi nents of the present

i nvention), as shown'in, for exanple, Figs. 20(a) and 20(b), a pr.otrusion
is formed in a wambcgfimens rid ddnsnitagapushdacanas it hasmat @lgh high
corresponding to a recess which is to be forned in the integral .
segment - shaft st digensjanad prerifisy ang rarce P&t MRt& WREY M Dppo-
site end surfaces separated by a distance equal to the 15 . .length of "the
axis of the inte@harast@fttiqns Puh @S0 GaT RS BRP %@Qﬂ:%ﬁl}l ichis
to be concaved in a direction fromthe outer surface portion toward the
axis of the inte®EAINRGIEHY shaft structure, and wherein the gate is

| ocated ing he protrusjon in the 20,. I q§I' i AV and
directed sc? t hat the %ﬁcioé%d.' ietr? isstliln]j \égétéeu mel{fc]) %}ﬁ)e&&(}g?n ty élﬂ/n a

direction method of the present invention (embodiment of item 14

of the above-enumerated embodiments of the present
invention), as shown in, for example, Figs. 10(a),
10(b) and 10(c), the cavity has an internal morphology
10 adapted for producing a hollow, integral, functional
segment-shaft structure in which at least a part of the
functional segment constitutes toothed wheel 7 coaxial-
ly formed with shaft 1, and toothed wheel 7 satisfies
the relationships represented by the formula Rl/rl = 1
15 to 5, in which Rl represents the diameter of root
circle 13 of toothed wheel 7 and rl represents the
diameter of shaft 1. The mechanical part obtained by
the method of this embodiment is especially advanta-
geous because of the high dimenéional precision of the
20 teeth of toothed wheel 7. However, when the Rl/rl
ratio exceeds 5, the mechanical part becomes poor in
dimensional precision. The reason for this is consid-
ered to reside in that the difference between the
external morphology of the mechanical part and the

25 morphdlogy of the hollow present therein becomes large



perpendi cular to an axis of the cavity which axis corresponds to the axis
of the integral segnent-shaft structure to be produced. This enbodinent is
prefera- 25 bl e when both two openi ngs cannot be forned in the two -
59 - opposite end surfaces of the integral, segnent-shaft structure due to
the design or function of the nechani- cal part, or the construction of the
mold. As shown in Fig. 22, when opening 4 (t© b 4ocated in an outer 5
surface portion other than the two opposite end sur- faces) correspondi ng
to the gate is located in recess 18 concaved in a direction fromthe outer
surface portion towaras tdbfferenbifrom the cphedinenel Fims sthi@lur 40(b)

run out of the nechanical part is largely 10 reduced, .as conpared.to
the case in which no a@ht (th%%%ri%h%ﬁﬁiPrQWm¥thﬂﬁﬂ4\Mﬂ}é%ﬂﬂ? @f the

advant ageous effect can be achjeved is believed to resiide in that, as shown
in Fig. 22, hollow 8 m%°%¥m? it LaRgeky ﬁ@?’%éﬁ%"’?ﬁn g?ﬂ% FRRLE and
Cavity in a directi orTRrBRRERERI UTE A mAE (HASal SRS AL The
Cortespands, 10 8115 Hebln WEchRLE Al R oo Rl S AL S WAINE chici-
collides with a ness thereof is large. Thus, the effect of the forma-
tion of the hollow becomes unsatisfactory. On the
other hand, a mechanical part in which the R1l/rl ratio
is less than 1 is of no practical use. In the present
" 10 invention, the R1/rl ratio is preferably 1 to 4. In
this embodiment, when the mechanical part has two or
more toothed wheels and/or has a shaft having two or
more different diameters, it is requisite that the
R1/rl ratio be 1 to 5°'With respect to any combinationé
15 of diameters of the root circles (R1) and two or more
different diameters of the shaft (rl). - |
According to still a further embodiment of the
method of the present invention (embodiment of item 15 -
of the above-enumerated embodiménts of the present
20 invention), as shown in, for example, Fig. 11, the
cavity has an internal morphology adapted for produci -
a hollow, integral, functional segment-shaft structur
in which at least a part of the functional segment

constitutes roller 2. In general, rollers having a

25 shaft integrally formed therewith are widely used in




20 cavity wall surface opposite to the gate at right angles before
flowi ng and spreading in the cavity, so that a deterioration of the surface
finish condition of a shaped, hollow resin article due to the so-called
"jetting phenonenon” (a phenomenon in which a scatter- 25 ing pattern
of a nolten resin remains on the surface of - 60 - a shaped article) can
be prevented. The norphol ogy of recess 1864n-t he nethod of this enbodi nent
of the present invention nay be, for exanple, cylindrical (see Fig. 20(a)
and Fig. 20(b)) or prismatic (see Fig. 21(a) 5 and Fig. 21(b)). There
is no particul ar vianfiost ifdeldst,h suehpest audarobitesphoirddpasy masdhsf-18 and
any norphol ogy can be enpl oyed as | ong as opening 4 corre- sponding to a
gate can be | ocaeay, presieion] faghioexrys anchedestris angi ed@GtaePrm an
outer surface portion 10 toward the axis of the integral segnent-shaft
structure to be equdpment .HoRhee mechaaicaly@antebiadaess bye -meihad
viewed from just above (i.e., the area of the circle when the reces i§5

cylindrical), thefsikhe abavs sdposdmet 15 &SR LBaeoYsyPESANES .
Therefore, 15 it referred that the area af rec j ew from
just above be as %anﬁéfg hd'(gg'%idﬂ'l'_'@.ns er%gnﬁgg%%ﬂ%él\gess 18 as
view from just abqye i.s.taqQ sw%
material-recyc

fng characteristics, but also can be
produced with.high productivity.
Acéording to still a further embodiment of the
method of the present invention (embodiment of item 16
" 10 of the above-enumerated embodiments of the present
invention), as shown in, for example, Fig. 11, the
cavity has an internal morphology adapted for producing
a hollow, intéqral, functional segment-shaft structure
in which at least a pdf% of the functional segment
15 constitutes roller 2 coaxially formed with shaft 1, and
roller 2 satisfies the relationships represented by the
formula R2/r2 = 1 to 4, in which R2 represents the
diameter of roller 2 and r2 represents the diameter of
) _ shaft 1. The mechanical part oﬁtained by the method of
20 this embodiment is especially advantageous bécause of
the high dimensional precision of the roller. However,
when the R2/r2 ratio exceeds 4, the mechanical part
becomes poor in dimensional precision. The reason for

this is believed to reside in that a difference between

25 the external morphology of the mechanical part and the



and, therefore, the wall thickness of a portion of the nold which
corresponds to recess 18 is too small, it is 20 possi ble that the nold
wi |l be broken under the pres- sures of an injected nolten resin and an

i ntroduced hollowformng fluid.- Therefore, it is preferred that the area
of recess 18 as view fromjust above be as small as possible but not
smal l er than a |l evel at which 25 a porétd on of the nold which
corresponds to recess 18 - 61 - surely has a wall thickness enough to

wi t hstand the above-nenti oned pressures. Further, when the depth of recess
18 is too snmal | &HerRbelogyet ihe doldaw prassndy itheruaid ReGameslaxge out

becones small. Refer.-, ri tqQ,Fig. .22, . reces ref.erably has a

t1/t2 ratio of 1P% F&é%ﬁfeqﬁnéE%H3?@?%m§?¢%mféﬁf%§3§4ﬁbgﬁ”p r- ably |
about 1, wherein r.esent dept.h.of re 8 pr. ts. the

wal | thickness oftﬁit]ehrcrae%g%rﬁ%ég&a}ﬂ% yégir]r'e%?tlrs&#g’fetssst%ﬁ%htj?r én%%?lag&pg%r i;%ﬁﬁ{‘ L8

opposite 1o recess iy valed HitueRiNcithldnalrt Giathe U2Ad dier eigh means

a di stance between surface and outer surface of the integra

segment - shaft st rgiehliae caMeC0rdightinkadld Idf ahaliddian EeideNlarfe t4e
met hod of the present invention (enbodinment of item 13 15 ~of the
above- enuner at ed aepadiigmtin *hildhe apwadantthickness thereof is large.
Thus, the effeét of the formation of the hollow becomes
unsatisfactory. On the other hand, a mechanical part
in which the R2/r2 ratio is less than 1 is of no prac-
10 tical use. In the present invention, the R2/r2 ratio
is preferably 1 to 3. In this embodiment, when the
mechanical part has two or more rollers and/or has a
shaft having two or more different diameters, it is
requisite that the R2/r2 ratio be 1 to 4 with respect
15 to any combinations of diameters of the rollers (R2)
and two or more different diameters of the shaft (r2).
For example, in the case of a mechanical part as shown
in Fig. 8, which has shaft 1 having two different:
diameters and roller 2, in thisiembodiment, it is
20 requisite that the R2/r2 ratio be 1 to 4 with respect
to any combinations of a diameter of roller 2 (R2) and
two different diameters of shaft 1 (r2).
According to still a further embodiment of the

method of the present invention (embodiment of item 17

25 of the above-enumerated embodiments of the present



I nvention), as shown in, for exanple, Figs. 10(a), 10(b) and 10(c), the
cavity has an internal norphol ogy adapted for producing a hollow, integral,
functional segnment-shaft structure in which at |east a part of the 20
functional segnent constitutes toothed wheel 7. |In general, toothed wheels
having a shaft integrally formed therewith are widely used in various
fields, such as autonobiles, ordinary neclgisnery, precision machinery and

el ectric and el ectroni c equi pnent. The 25 mechani cal part obtai ned by

t he met hod of the above - 62 - enbodi ment is advantageous because it has:
not only high di kenension)pr esi shownain efosl exampdet e Figl.- rléoycﬂhiewg
characteristics, but also can be produced with high product|V|t

According to sti FRVAtYuDRASeRNeAHE@TRaA MOEPhRdogy: READEL tﬁ@rpﬂéggﬂplng

I nvention (enbodlnent of item 14 of the ahove- enunerated egbodlnents of - t he

present inventiof) hoddowhodRtegradyr fupgiiraa FP&gmefGC§ a fOFGFWﬁFﬁrfD(C)

hol 1ow i ht eqr al 10t BALEPof 1eBe A PaRdr 05 ERG LUPE ARG SRORE east

THCHL YT R R
roller 2 has on a surface thereof groove 14 hav1ng a
depth of not smaller than a width of groove 14, and
roller 2 satisfies the relationships represented by the
formula xr3/R3 2 0.5, in which r3 represents the dis-

10 tance between the inner bottom of groove 14 and the
axis of the integral segment-shaft structure, and R3
represents the radius of the circular cross section of
roller 2 at a portion thereof having no grooﬁe; The
mechanical part obtaine€d by the method of this embodi-

15 ment is especially advantageous because of its high
dimensional precision and high accuracy in movement. A
representative example of uses of a grooved roller in
an application in which a pin having two opposite end -

portions is provided separately from the roller, and

20 one end portion of the pin is secured to an object
other than the roller and the other end portion of the
pPin is inserted in the groove of the roller, so that
the object having the pin inserted in the groove recip-
rocally moves along a line parallel to the axis of the

25

roller in accordance with the rotation of the roller,



the relationships represented by the formula Rl/r1 = 1 15 to 5, in
which Rl represents the dianeter of root circle 13 of toothed wheel 7 and
rl represents the dianmeter of shaft 1. The mechani cal part obtai ned by the
met hod of this enbodi ment is especially advanta- geous because of the high
di mensi onal precision of the 20 teeth of toothed wheel 7. However,
when the RL/rl ratio exceeds 5, the nechani calé6Ppart becones poor in

di mensi onal precision. The reason for this is consid- ered to reside in
that the difference between the external norphol ogy of the nechanical part
and the 25 nor photogyhefebyet hansnit prths angvenentiof el ey jeo the
63 - as different fromthe enbodi ments of Figs. 10(a), 10(b) and 10(c), and,
therefore, the wall tpirkneSuchfatgmoovedharpkier pi twidelnipad imvajgious
bet ween the shaft and the toothed wheel. In such a case, a sq¥inkage of the
5 resin becones |EYPesaPfPpbREteEH and PR MO RATLIMNT IR AL QU romres
Is large. Thus, the effect of the forma- tion of the holl ow becones
unsatisfactory. On t h®fofEe+PRSRE: a nechanical part in which the Rl/r1

nvention, the Ri/r1 ratiotheBrerEbaRineit et Aoe £ FE b amansnt imvesr-
the mechani cal part h@foﬁyntﬂé depth of the groove formed on a surface of.
the roller is not smaller than the width of the groove.
This is because when the depth of the groove is smaller
than the width of the groove, the end portion of a.pin
10 which is inserted in the groove is likely to come out
of the groove during the rotation of the roller. The
groove of the roller is formed by a corresponding
convex portion formed on the cavity wall of the mold.
The groove is generall¥ formed spirally on a surface of
15 the roller, but it is possible to select an apprbpriate?%?
one from various types of morphology of grooves, de-
pénding on the rate and cycle of the reciprocating
movement of a pin to be inéerted in the groove. Fur-.
ther, in this embodiment, the foller satisfies the
20 relationships represented by the formula r3/R3 2 0.5,:f
in which r3 represents the distance between the inne}:
bottom of the groove and the axis of the integral
segment-shaft structure, and R3 represents the fadiug.
of the circular cross section of the roller at a poz:

25 tion thereof having no groove. When r3 and R3 hang;



nore toothed wheels and/or has a shaft having two or nore different
dianeters, it is requisite that the RL/rl ratio be 1 to 5 with respect to
any conbi nations 15 of dianmeters of the root circles (R1) and two or
nore different dianeters of the shaft (rl). According to still a further
enbodi nent of the nethod of the present invention (enbodinent of item 15 of
t he above-enunerated enbodi nents of the preggnt 20 i nvention), as shown
in, for exanple, Fig. 11, the cavity has an internal norphol ogy adapted for
produci a hollow, integral, functional segnent-shaft structur- in which at

| east a part of theellandbnshdpssegpeesentedt byyuthe fokimela?r3VR3genér.al,,
rollers having a 25 shaft integrally forned therewith are w dely used
in - 64 - variotbef mecisnicadhpastabeconbsl peporoidi dimgnsiohai- pregi-
precision machinery and el ectric and el ectronic equipnent. The nechani cal.
part obtai ned by tB&onet hBheoreagenafovetbiBodEntAnsidesadakragesidebébause
it has 5 not only high di nensional precision_and excellent | .
naterial-recyclingtéﬁﬁrﬁg?ePF§FFB§}z&89 sfégctantpne BP&&B?E§°%W%ﬁgh¢&H1d
productivity5 According tﬁ§Stilh a fur hgr enbodi ment of the method of the
present invention CBRBSL RENEUSLY; BERFTET -



10 of the above-enunerated enbodi nents of the present invention), as
shown in, for exanple, Fig. 11, the cavity has an internal norphol ogy
adapted for producing a hollow, integral, functional segnent-shaft
structure in which at |east a part of the functional segnent 15
constitutes roller 2 coaxially fornmed with shaft 1, and roller 2 satisfies
the rel ationships represented by the formulggR2/r2 = 1 to 4, in which R2
represents the dianeter of roller 2 and r2 represents the dianmeter of shaft

1. The nechani cal part obtai ned by t he met hod of 20 thIS enbodi nent is
especi al | y advant ageous Beda MO EFORh SARRYANG QU : £ n of the
roll er. However, when the R2/r2 ratio exceeds 4, the nechanlcal part

becomes poor in di men®rRFesARt Rwntier wibkde rdRseriked sinmdnerged to
reside in that | ff renge b ween 25 t he ext er.nal of the
nmechani cal part %dtoa "ﬁ renet p‘l"fbl%?@%t‘“%]feﬁhé”}h‘o?n g‘%“%?%‘ie‘% tiP®rein
becones | arge as t m 1.he enbodi ment of 11, and,.therefore,
the wal | thi cknes‘%‘ggﬁgﬁg n%cﬁﬂ?ﬂ%larfg r%? ?%oq%rogfeIV%eﬁﬁée%erb%t%‘é?Pf he
shaft andgthe roljg{. In 5 such a case, a shrinkage of the resin

beconmes large at a portion in which a wall thickness thereof Is |large.
Thus, the effectgfmdfie formation of the hol | ow becones

A roller having a shaft lntegrally formed there-
with as shown in Fig. 3 was produced. As shown in Figq.
3, the integral roller-shaft structure has two rollers
10 2, 2 and has an’entire length of 90 mm (wherein each of
terminal shaft portions 1, 1 located at both ends of
the structure has a length of 10 mm and each roller 2
has a length'ofl30 mm), and each terminal shaft pdrtion
1 has a diameter of 6 mfi and each roller 2 has a diame-
15 ter of 10 mm. In Fig. 3, an auxiliary chamber used in
the production is also shown (the auxiliary chamber has
a rectangular parallelopiped morphology and has an
internal volume which is about 40 % of the apparent
volume of the integral roller-éhaft structure to be
20 produced).
Specifically, the hollow injection molding of an
acetal copolymer was conducted at a mold temperature of
80 °C and at a cylinder temperature of 206 °C. As a
hollow-forming fluid to be introduced into a molten

25 resin mass in the cavity of the mold, nitrogen gas was



unsatisfactory. On the other hand, a mechanical part in which the R2/r2
ratiois less than 1 is of no prac- 10 tical use. In the present
invention, the R2/r2 ratio is preferably 1 to 3. In this enbodi nent, when
t he mechani cal part has two or nore rollers and/or has a shaft having two
or nore different dianeters, it is requisite that the R2/r2 ratio be 1 to 4
W th respect 15 to any conbi nations of diameters of the rollers (R2)
and two or nore different dianeters of the shaft (r2). For exanple, in the
case of a nechanical part as shown in Fig. 8, which has shaft 1 having two
di f f erent, di anet er semplioyetller A2gasninhket wadoprovhdediinja pozzle located
requisite that the R2/r2 ratio be 1-to 4 with respect to any conbinations
of a dianmeter of roptethe fReyazddendoofi #f eybinderapft Bhe Beldhpgtma=-(r2).
According to still a further enbodi ment_of the nethod of the Eregent -
i nvention (enbodi mefRiBe-itAf ShOYB in Fig.ife GBBFctendPerBRER enbBYi nents
of the present - - 66 - invention), as shown,in, for.exanpl g. .12, the
cavity has an interHQWmHBFﬁﬁBFBQytgﬁaﬁ?EHtYonEBoﬁﬁE?%baEYhSﬁﬁﬂgfgiﬁt@SFﬁl,
functional segnment-ghaft structure in ich at_| east rt _of.rhe .
functional segment §°rmed06ﬁs WPu?8§°?£?Fe?“§ gﬁgifa?gygﬁﬁrﬁﬁﬁl_ { hWWBREPLD
1, and the two opposite end walls of the cavity correspond to
two opposite end surfaces 6, 6 of the integral roller-
shaft structure. |
The resin was melted in the cylinder of the mold-
10 ing machine and injected into the mold cavity through
the nozzle of the'cylinder and the gate so as to fill
the cavity with a molten resin mass. Subseguently,
nitrogen gas, which was supplied through the nozzle of
the cylinder, was introduced into the molten resin mass
15 to form a hollow within the molten resin mass. The
nitrogen gas employed was one which had previously been
pressurized to a pressure of 100 kg/cm2 in an apparatus
for supplying a hollow-forming fluid. The nitrogen gas
was introduced into the molten resin mass through the
20 nozzle, sprue, runner and gate, and the nitrogen gas
penetrated the molten resin present in the nozzle,
sprue, runner and gate.
By the introduction of the nitrogen gas as the
hollow-forming fluid into the molten resin mass to form

25 hollow 8, a portion of the molten resin mass was caused



roller 2 has on a surface thereof groove 14 having a depth of not snaller
than a wdth of groove 14, and roller 2 satisfies the rel ationships
represented by the fornula r3/R3 [err] 0.5, in which r3 represents the dis-
10 tance between the inner bottom of groove 14 and the axis of the

I ntegral segnent-shaft structure, and R3 represents the radius of the
circular cross section of roller'2 at a portidh thereof having no groove.
The nechani cal part obtained by the method of this enbodi- 15 ment is
especi al l'y advantageous because of its high dinensional precision and high
accuracy in novene b %‘ﬂ%@e@n‘ﬂ‘ét?@et@m‘rbtbflf&l%‘ésa‘b*lhlmo‘&W%FI er

in an application |n avin opposite ort
provi ded separ atels V%Pﬁthlh% fBVT ‘Pm‘a‘%‘lj gg“ &" %‘i‘l"eh%‘idqb%r%‘? %fofhe pi N
is secured to an ob ot her, than the rol d t he oiher end ort on of

the pinis |nserte %ﬁyg?% CBf7 ¢ MO r %or?ﬂ%.tﬁm% ﬁ%} % havi ng
2 P et o et e U AR A AL

' |t)i0|nI erSuch a-sg?Z)o;/e%Ié)rrl%%@ wytﬁéagéﬁ/ﬁhigﬁ(ggvsa?{ghgf t%/%%s{xgéépr?%?%éi;fand
printer portions OdrVéhaPtSst¥P€Eure had a hollow ratio of about 35 %.

In the above hollow injection molding, the intro-
duction of the nitrogen gas under pressure was effected
under conditions such that the gas introduction delay

10 time (a time between the completion of the injection of
a molten resin and the introduction of the gas into the
molten resin mass) was 0 second, that the gas introduc-
tion time (a time for the introduction of the gas) was
5 seconds, and that theé pressure holding time (a total

15 of the gas introduction time and the time for which the
gas is held under pressure in the cavity in a closed
system, subsequent to stopping the gas introduction)
was 35 seconds. 5 seconds after the end of the pres- .
sure holding time, the mold waa opened and the shaped

20 resin article obtained was released from the mold. The
obtained shaped resin article had a cross-section as
shown in Fig. 6(a).

The obtained roller having a shaft integrally
formed therewith was evaluated with respect to the

25 degree of run out, in the following manner. As shown



of equi pnent. 5 In the enbodi ment of item 17 of the present
I nven- tion, the depth of the groove fornmed on a surface of the roller is
not smaller than the width of the groove. This is because when the depth of
the groove is smaller than the width of the groove, the end portion of a
pin 10 which is inserted in the groove is |likely to cone out of the
groove during the rotation of the roller. Th@2groove of the roller is
formed by a correspondi ng convex portion formed on the cavity wall of the
nol d. The groove is generally forned spirally on a surface of 15 t he
roller, but it isipoFdiobl d4.0 the dategradppodderasiadie StAy@tians o1& t ypes
of norphol ogy of grooves, de- pending on the rate aid cycle of the
reci procati ng nov&WPRer&edy @itn thgei%@lat]e&hiaﬁtt ROTFIoRFe 1 Fdr ThERE~ i n
this enbodi ment, the roller satisfies the 2Q rel ati.onshi ps_repr.esented
by the fornula r3)°%3 & V] tﬂ'%:fksi &7Wni1§h r%lta&plgéé‘gr‘?t Gtﬁ'@sdggé:to B&q'\ﬁeen
the inner bottom qof the, grqQqye and t xi,s of theJ ral - ft
PRSI st il o & A E on W G

structure, and R3SP _ _ rcular Cross sé on “df
e 8, B ot I A RRH SBA aple fA
ment in a direction perpendicular to axis 21 of the
integral roller-shaft structure can be detected.
Portions A-and B are each positioned in the middle of
the length of roller 2 and portion C is at a distance
10 of 4 mm from portion B. Rollers 2, 2 were revolved
once on axis 21 of the integral roller-shaft structure,
and the maximum and minimum values of displacement
measured by dial gauge 16 during the revolution were
obtained, and a differefice between the maximum and
15 minimum values was taken as the degree of run out. 1In
a roller, the smaller the degree of run out, the higher
the dimensionai preciéion, so that an improved accuracy
of operation can be ensured. Fig. 14 is a diagrammatic
explanatory view illustrating ﬁow a roller having a
20 shaft integrally formed therewith is measured with
respect to the degree of run out (in Fig. 14, the
measuring site is portion A).
Further, the integral roller-shaft structure thus

produced was also examined to find whether or not a

25 hesitation mark was observed.



t he nechani cal part becones poor in dinensional preci- sion. The reason for
this is considered to reside in that the pressurizing effect of a

hol l ow-formng fluid 5 cannot be fully exerted. 69 BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON The present invention will be described in nore
detail with reference to Exanples, which should not be construed as
limting the scope of the present inven- 5 73ion. Exanple 1 Aroller
having a shaft integrally forned there- with as shown in Fig. 3 was
produced. As shown in Fig. 3, the integral roller-shaft structure has two
rollers 10 2, 2 and Resulbsearérehdwemgim TdbDSs nhf & Wandi h(khch of
termnal shaft portions 1, 1 |ocated at both ends of the structure has a

| ength of 10 mm and eachThe| regultsashew| tivgyt hthe Butegyal arelkertshattyi nal
shaft portion 1 has a dianeter of 6 nmand each roller 2 has a dianme- 15

ter of 10 nm |n FPEFUGtuER %ﬂ&?i?%#yi%hﬁh%%rE¥EmRﬂ?riﬁrkpﬁw¥khﬁh?cﬁﬁgﬁﬁé
mor phol ogy and has &b TP PG vERBIESRRY Ch 5 LOBLIURY 40181 GHVE HE SRspER bt
vol ume of the5integégilégléﬁgfghg{;ugéﬁygtﬁgg &é’£§§itation mark, indicat-
ing that even a local run out does not occur and the
appearance is good. Thus, it has been found that the
obtained integral roller-shaft structure was excellent
as a mechanical part. |
10 Example 2
A roller having a shaft integrally formed there-
with was obtained and evaluated in substantially the
same manner as in Example 1, except that the shot
volume of the molten ré%in was increased.so that nitro-
15 gen gas was prevented from entering the auxiliary
chamber, wherein the L(b)/L(a) ratio became 0.97. The
obtained integral roller-shaft structure had a hollow
ratio of about 34 %.
Results are shown in Tablé 1(a).
20 The results show that the integral roller-shaft
structure obtained in this Example is low in the degree
of run out. The results also show that the integral
roller-shaft structure has no hesitation mark, indicat-
ing that even a local run out does not occur, which

25 means that the integral roller-shaft structure has high



20 produced). Specifically, the hollow injection nolding of an acetal
copol yner was conducted at a nold tenperature of [err] and at a cylinder
tenperature of 200 [err]. As a hollowformng fluid to be introduced into a
nol ten 25 resin mass in the cavity of the nold, nitrogen gas was 70
enpl oyed. A gas inlet was provided in a nozzle |located at the forward end
of a cylinder of the nolding ma- chine. As spfmn in Fig. 3, gate 4, and
path 5 for communicating the cavity with auxiliary chanber 3 were 5

formed in two opposite end walls of the cavity, wherein the two opposite
end wal |'s of the dinenyicHdl esPotision ) WOndPpiosi dppeatances f bgegodd. 6 of the
integral roller- shaft structure. The resin was nelted in the cylinder of
the nold- 10 Thgs jracti nes dvelen famaé dthat othdeobod ihedvintyeghabugh t he

nozzle of the cylinder and the gate so as to fill the cavity with a nolten
resin mass. Subsexpbleryshaft rstpuctpre ki erceblertpps i one¢hanial he
nozzl e of the.cylinder, was introduced into the nolten resin mass 15 to

forma hollow w tPR¥tt he nolten resin mass. The nitrogen gas enpl oyed was

one whi ch Q@d previouslg been pressurized to a pressure of 100 [err] in an
appar at us Example 3

A roller ha&ing a shaft integrally formed there-
with was obtained and evaluated in substantially the
same manner as in Examéle 1, éxcept that the shot
volume of the molten resin was ‘increased so that nitro-

10 gen gas was prevented from entering the auxiliary
chamber, wherein the L(b)/L(a) ratio became 0.92. The
obtained shaped resin article had a cross-section as
shown in Fig. 6(b). The obtained integral roller-shaft
structure had a hollow ratio of about 32 $%.

15 Results are shown in Table 1l(a).

The results show that the integral roller-shaft
structure obtained in this Example is low in the degree
of run out. The results also show that the integral
roller-shaft structure has no hésitation mark, indicat-

20 ing that even a local run out does not occur, which
means that the integral roller-shaft structure has'high
dimensional precision, and the appearance is good.
Thus, it has been found that the obtained integral
roller-shaft structure is excellent as a mechanical

25 part.



for supplying a hollowformng fluid. The nitrogen gas was introduced into
the nolten resin nmass through the 20 nozzl e, sprue, runner and gate,
and the nitrogen gas penetrated the nolten resin present in the nozzle,
sprue, runner and gate. By the introduction of the nitrogen gas as the

hol low-formng fluid into the nolten resin nmass to form 25 hol  ow 8, a
portion of the nolten resin nass was caused 75 71 to be pushed out of the
cavity into auxiliary chanber 3. The hollowformng fluid reached the

i nside of auxiliary chanber 3, so that the resultant integral roller-shaft

structure satisfi €dmparetiveofghmpleepre- 5 sented by the formula L(a)
= L(b). The integral roll- er-shaft structure had a hollow ratio of about

35 % In the above hol Rowoildpschryangokdshgftt hntegredlydfiormed Sheree

ni trogen gas under Eressure was effected under conditions such_that the.gas
i ntroducti on del ayith was ppkaipgd: ppd srehsatednhénceupstenshasdiyt khe
injection of a nolten resin and the_ introduction of the gas into the nolten
resin mass) was Osgﬁﬁoﬂannﬁﬁaﬁstﬁﬁ Eﬁémpgﬁr6du8x°FPBntPPgetF§ Fﬁﬁﬁ for the

(Dot 00 01 sy 1) ¥R SRORRNS roB R MR, bRERRRRHeCcHRL RRERT™

gen gas was prevented from entering the auxlllary
.chamber, wherein the L(b)/L(a) ratio became 0.87.
Résults are shown in Table 1(a).
The results show that the integral roller-shaft
10 structure obtained in this Example has no hesitation
mark, but is high in the degree of run out. Thus, it
has been found that the obtained integral roller-shaft
structure is unsatisfactory as a mechanical part.

- .

Example 4

15 A roller having a shaft integrally formed there-
with was obtained and evaluated in substantially the
same manner as.in Example 1, except that the gas inlet
was prdvided in the runner. Nitrogen gas was intro-
duced into the molten resin maés through the runner and

20 gate, and the nitrogen gas penetrated the molten resin
present in the runner and gate. The hollow-forming
fluid reached the inside of the auxiliary chamber, so
that the L(b)/L(a) ratio became 1.00. The obtained
integral roller-shaft structure had a hollow ratio of

25 about 35 %. The obtained shaped resin article had the



gas is held under pressure in the cavity in a closed system subsequent to
st oppi ng the gas introduction) was 35 seconds. 5 seconds after the end of
the pres- sure holding time, the nold was opened and the shaped 20

resin article obtained was rel eased fromthe nold. The obtai ned shaped
resin article had a cross-section as shown in Fig. 6(a). The obtained
roller having a shaft integrally formed thgbew th was eval uated with
respect to the 25 degree of run out, in the follow ng nmanner. As shown
72 in Fig. 14, the integral roller-shaft structure was supported, at both
term nal shaft §&Me Hedlew as pbtaingd ip, Byagpdekd-17, 17. Dial gauge 16

was brought into contact with each of portjons A, and C of rollers 2, 5
2 shown in Fig. 3 in%§§ﬂ$ﬁiePI§U5ﬁ°Fﬁaﬁnaﬁ?2QF%ﬂﬂ&SG- nment in a direction

per pendi cul ar to axi §u21 of_ .t i_ntegral .rqller.- f1 .StrUGtUr be-
detected. Portions Asrg‘r?d rﬁsélrlg%eas@ﬁwgc@laﬁ %‘k‘gd “'ln%'%t%ﬁglm'trgg'lclee%o%hi%ﬁ% | engt h
of roller 2 and ' Cd S e f Lr ' B
Rollers 2, 2 weFgﬁﬁgﬁﬁkﬁﬂfq§§§?e§h#5&%%& 1%&3@%%& ?ﬁtgégghkr§ﬁ%;a%g%§%
structures and e ABXidHEN ARG st PsV al148S stlowdithRltaea@Enht@Raeyr ed by

di al gauge 16 during the revolution were
roller-shaft structure has no hesitation mark, indicat-

ing that even a local run out does not occur, which
means that the integral roller-shaft structure has high
dimensional precision, and the appearance is good.

10 Thus, it has been found that the obtained integral
roller-shaft structure is excellent as a mechanical
part.

Comparative Example 2
A roller having a Bhaft integraliy formed there-
15 with was obtained and evaluated in substantially the
same manner as in Example 1, except that, as shown in
Fig. 1, gate 4 was formed in a mold wall at a portion
in register with the center of the cavity, wherein the-
center of the cavity correspond§ to the center of the
20 axis of the integral roller-shaft structure to be
produced, and that paths 5, 5 for communicating the
cavity with auxiliary chambers 3, 3 were, respectively,
formed in the two opposite end walls of the cavity,

wherein the two opposite end walls of the cavity corre-

25 spond to two opposite end surfaces 6, 6 of the integral



obt ai ned, and a difference between the maxi mrum and 15 m ni mum val ues
was taken as the degree of run out. In aroller, the smaller the degree of
run out, the higher the dinensional precision, so that an inproved accuracy
of operation can be ensured. Fig. 14 is a diagranmmtic explanatory view
illustrating how a roller having a 20 shaft integrally forned therewith
is neasured with respect to the degree of ruynmout (in Fig. 14, the
measuring site is portion A). Further, the integral roller-shaft structure
t hus produced was al so exam ned to find whether or not a 25 hesitation
mark was observedroller-sshieftil ¢ srudtearsdo Wi Tty scHdmberan d3 1( D) shdwe
results show that the integral raller-shaft structure obtained in this
Exanpl e is | ow inin Bigegt deadfthaeirsans .silde areduthes sdme mduphobedgyt he
integral 5 roller-shaft structure has no hesitation mark, indicat- ing
that even a | ocalEach @fitawppkbiary chrankersm® i he hashearzerkangulpowd. Thus,
it has been found that the obtained integral roller-shaft structure was
excel l ent as a mRaEMEAIORERed merpholagymmAand the ratal inberrah shaft

integrally formed there-
g Vs volume of them was about 40 % of the apparent volume of

the integral rolier-shaft structure to be préduced.
The L(b)/L(a) ratio became 1.00.

The obtained integral roller-shaft structure had a
cross-section as shown in Fig. 4. Aé shown in Fig. 4,

" 10 the roller had three openings, that is, one opening for
gate 4 and two openings for paths 5, 5 for communicat-
ing hollow 8 with auxiliary chambers 3, 3, reépective—
ly.

Results are shown in Table 1(b).

15 The results show that the integral roller-shaft
structure obtained in this comparative example has no
hesitation mark, but is high in degree of run out at
portions A and B. Thus, it has been found that the
integral roller-shaft structuré is unsatisfactory as a

20 mechanical part.

Comparative Example 3

A roller ha&ing a shaft integrally formed there-
with was obtained and evaluated in substantially the
same manner as in Example 1, except that, as shown in

- .25 Fig. 2, gates 4, 4 were, respectively, formed in the



w th was obtained and evaluated in substantially the sane manner as in
Exanpl e 1, except that the shot volunme of the nolten resin was increased so
that nitro- 15 gen gas was prevented fromentering the auxiliary
chanber, wherein the L(b)/L(a) ratio becane 0.97. The obtained integral
roller-shaft structure had a hollow ratio of about 34 % Results are shown
in Table 1(a). 20 The results show that8the integral roller-shaft
structure obtained in this Exanple is lowin the degree of run out. The

hesi tat i on mark, i nabtat SOPRB: FRLend Er L8 | G i Ay o SRERRAY A o
\(Ij\/imrrgﬂsizinal prgginzi E)%Sﬁg%gg? Egg%%%%% %e{'%ggoodlélﬁ'hus Ilgﬁepcﬂ@s 1{)Heen 9 ound
el "har ! POEBRELSRTLNE GBS0 F O ARSI 25 shaty
there- wth was Obtabﬁfﬁc@ﬁgeeVéhHaiﬁﬁk'ﬁhéﬁmﬁtfﬁﬁ'éﬁﬁﬂhﬂﬂ&hﬁiﬁ§3ﬂﬂﬁ"ﬁﬁvfﬁy
in Exanpl e 1, except that the shot volunme of the nolten resin was increaséed
so that nitro-3 with auxiliary chamber 3 was formed in a mold wall at a
portion in register with the center of the cévity,
wherein the center of the cavity corresponds to the
center of the axis of the integral roller-shaft struc-
ture to be produced. Auxiliary chamber 3 shown in Figq.
1o 2 had a rectangular parallelopiped morphology, and the
internal volume thereof was about 40 % of the apparent
volume of the integral roller-shaft structure to be
produced. The L(b)/L(a) ratio became 0.84.
The obtained intedral roller-shaft structure had a
15 cross~-section as shown in Fig. 5. As shown in Fig. §,
the roller had three openings, that is, two openings
for gates 4, 4 and one opening for path 5 for communi-

cating hollow 8 with auxiliary chamber 3.

Results are shown in Table 1(b).

20 The results show that the integral roller-shaft
structure obtained in thié comparative example has no
hesitation mark, but is high in degree of run out at
portions A and B. Thus, it has been found that the
integral roller-shaft structure is unsatisfactory asHJi

25

mechanical part.



10 gen gas was prevented fromentering the auxiliary chanber, wherein
the L(b)/L(a) ratio becane 0.92. The obtai ned shaped resin article had a
cross-section as shown in Fig. 6(b). The obtained integral roller-shaft
structure had a hollow ratio of about 32 % 15 Results are shown
in Table 1(a). The results show that the integral roller-shaft structure
obtained in this Exanple is lowin the degreggof run out. The results al so
show that the integral roller-shaft structure has no hesitation mark,

i ndi cat- 20 ing that even a local run out does not occur, which neans
that the integral Exelnpde Shaft structure has high di nensional precision,
and the appearance is good. Thus, it has been found that the obtained
integral roller-shaft & rodterchayingceal sbatftasngegrahdyi fakmed thengart .
75 Conparative Exanple 1 A roller having a_shaft integrally forned there-
with was obtai nedVakd ¥ag oRtadned 3nsse¥Adrated fRestkfsapEAAdlyadhe,

Ex le 1, t that th hot 5 f th t '
neraced ot hat SAREY BARGER 885 RaExpRBEnteqoKFBREORBE RYRLAGaETy | | ary

chamber, whgrein tRghER) -3k hat' 2sB5C20Ra%BE shot volume of the
molten resin was‘reduced to about 65 % of that employed
in Example 1. The L(b)/L(a) ratio was 0.92.
The obtained integral roller-shaft structure had a

hesitation mark around a portion corresponding to

~——

© 10 portion C indicated in Fig. 3.

Further, the integral roller-shaft structure was
evaluated at portions A and B thereof with respect to
the degree of run out in the same manner as described
in Example 1. Likewise7 the degree of run out at

15 portion C around which the hesitation mark was ob-
served, was evaluated.

Results are shown in Table 1(b).

The results show that the integral roller-shaft
structure is low in degree of rﬁn ocut at portions A and

20 B, although a local, slight run out occurs due to the
hesitation mark.
Example 6

A roller having a shaft integrally formed there-

with was obtained and evaluated in substantially the

25 same manner as in Example 1, except that auxiliary



Results are shown in Table 1(a). The results show that the integral

roll er-shaft 10 structure obtained in this Exanple has no hesitation
mark, but is high in the degree of run out. Thus, it has been found that
the obtained integral roller-shaft structure is unsatisfactory as a
mechani cal part. Exanple 4 15 A roller having a shaft integrally
formed there- with was obtai ned and evaluateqs'n substantially the sane
manner as in Exanple 1, except that the gas inlet was provided in the
runner. Nitrogen gas was intro- duced into the nolten resin mass through

the runner and 20 chamgit &3 Wl Ad¥e dUdd C9&kIa5 RANELT At 4 o 1md-Ln

resin present in the runner and gate. The hollowformng fluid reached the

i nsi de of the auxifdakihg EIhRL wad fdied s LdMDvil (i) Fiafl o7 penrirecHat00.
The obtained integral roller-shaft structure had a hollow ratio of 25

about 35 % The ofHeistast shehate relithamoien haskihavas réglwsede twl | ow as
obtained in Exanple 1. Results are shown in Table 1(b). The results show
that the integral amditeréShafef sthaictenmelapsdiiteEiample sl Exdth® e is low in
t he degree 5 of run out. The results also show that the integral

5 L(b)/L(a) ratio was 0.97.

The thus obfained molded product was cut along
line F-F as shown in Fig. 7, thereby obtaining an
integral roller-shaft structure.

The obtained integral roller-shaft structure had a

10 hesitation mark around a portion corresponding to
portion C indicated in Fig. 7.

Further, the integral roller-shaft structure was
evaluated at portions A and B thereof with respect to
the degree of run out ig the same manﬁer as described

15 in Example 1. Likewise, the degree of run out at
portion C around which the hesitation mark was ob-
served, was evaluated.

Results are shown in Table 1(b).

The results show that the integral roller-shaft

20 structure is low in degree of run out at portions A and
B, although a local, slight run out is exhibited due to
the hesitation mark.

Comparative Example 4

Substantially the same procedure as in Example 1

25  was repeated, except that the same shot volume of the



roll er-shaft structure has no hesitation mark, indicat- ing that even a

| ocal run out does not occur, which neans that the integral roller-shaft
structure has high dinensional precision, and the appearance is good. 10
Thus, it has been found that the obtained integral roller-shaft structure
I s excellent as a nmechanical part. Conparative Exanple 2 Aroller having a
shaft integrally forned there- 15 with 8as obtained and evaluated in
substantially the same nanner as in Exanple 1, except that, as shown in
Fig. 1, gate 4 was _fornmed in a nold wall at a portion in reglster with the
center of the caWP@?enmﬁEFéFnaFhémEéﬁYEQ bp FﬁémE&9l§yW€6rP§§Eond§lF6°rhe

t f the 20 f ol -shaft
S?gdﬁgeg, ang thﬁ?npggﬁggﬁoaSBPE}° Fﬁatﬁhgigﬁggﬁaﬁﬁ §°§P a&?'Piary

chanber 3., Weigy’ LETORESLUGLY: ph LSRG 6y RCOR08%.HEcSR Wb
P e PR Sald SH' §6RgBcBao al el OhA0tglin ofdetil i S
the same mgrphol pgy. nB3cRe0 spiykl,! 2uinelalRE" §ade, 3aHddraathehaRge! ar
ihside.of the aukiliary chamber. However, since the
shot volume of the molten resin was small, the molten
resin introduced from the cavity to the auxiliary
chamber could not fill the auxiliary chamber, so that,
10 in the auxiliary chamber, a hollow, molten resin bal-
loon having nitrogen gas continued to be supplied
thereinto was formed, leaving a space therearound in
the auxiliary chamber. The wall of the resin balloon
was broken under the pré&ssure of the nitrogen gas, so
15 that the introduced gas was released from the hollow of
the molten resin mass in the cavity before cooling of
the resin. Therefore, molding of the resin could not
be performed.
Comparative Example 5
20 Substantially the same procedure as in Example 5
was repeated, except that the shot volume of the molten
resin was increased so that the cavity was filled with
the iesin. As a result, a hollow ratio was decreased

to a level as low as 10 % or less and a substantial

25 resin thickness became large, so that the cycle time of



par al | el opi ped norphol ogy, and the -total internal 5 vol ume of them was
about 40 % of the apparent volune of the integral roller-shaft structure to
be produced. The L(b)/L(a) ratio becane 1.00. The obtained integral
roller-shaft structure had a cross-section as shown in Fig. 4. As shown in
Fig. 4, 10 the roller had.three openings, that is, one opening for gate
4 and two openings for paths 5, 5 for connunhﬁat- ing hollow 8 with

auxi liary chanbers 3, 3, respective- |ly. ResliFts are shown in Table 1(b).
15 The results show that the integral roller-shaft structure

obtained in this ﬁ8?8§ gthgg ngggﬁsggaaﬁggthgskﬁ Egogggﬁékgnggtha thlgh in

degree of run out tirons as be

integral roller-s rggtu nggt EShagt |ca
ool oo Shalapsty g neageanest ebos prigaecagtey | mshay,

there- with was obbapaedtapd Ekéhg&é?dthé E@B§Vﬁ@&bakhflbhﬁaEaUEIBEHHGF'aS
I n Exanple 1, .except that, as shown in Fig. 2, gates 4, 4 were,

respectively, forEndmpmetne 78 two opp05|te end wal s of the cavity,

wherein the two '

> A roller having a shaft integrally formed there-

with was obtainea and evaluated in substantiélly the .

same manner as in Example 1, except that a polyamide

(Nylon 66) was used as a resin and a cylinder tempera-

ture was set to 290 °C. The L(b)/L(a) ratio was 1.00.

10 The obtained integral roller-shaft structure had a

hollow ratio of 35 %.

In this Example, substantially the same hollow,
resin shaped article as in Example 1 was obtained.
Results are shown in T;gle 2.

15 The results show that the integral roller-shaft
structure obtained in this example is low in degree of
run out. The results also show that the integral
roller-shaft structure has no hesitation mark, indicat-
ing that even a local run out does not occur and the

20 appearance is good. Thus, it has been found that the

obtained integral roller-shaft structure is excellent

as a mechanical part.

Example 8

A roller having a shaft integrally formed there-

25 with was obtained and evaluated in substantially the



opposite end walls of the cavity correspond to two opposite end surfaces 6,
6 of the integral roller-shaft structure, and that path 5 for conmuni cati ng
the cavity 5 with auxiliary chanmber 3 was fornmed in a nold wall at a
portion in register wwth the center of the cavity, wherein the center of
the cavity corresponds to the center of the axis of the integral
roller-shaft struc- ture to be produced. AuxBBiary chanmber 3 shown in Fig.
10 2 had a rectangul ar parall el opi.ped norphol ogy, and the internal

vol une t hereof was about 40 % of the apparent volune of the integral

rol | er-shaft struEgleeMRBNBE ﬁFoHHcEﬁa‘“ﬂa@ t¢ b§xceRy FB?FoabBE%\lfédeM The
obt ai ned i nt egral ro | er-shaft strucgture sec

shown in Fig. 5. (R¥1SRofA)i HaEi §=es, 2End Fﬁ?f%raﬂadatﬁygéngﬁﬁn%ﬁﬁger?ﬁat
cat i EE"hSFFS'W”%Sm%FﬁegﬁégfPsrytehz% A R AT T T LN
ggt sined in Iﬂfsrggg' Eﬁt DoW,! Eﬁ‘%e{;l?g%'%f%g sﬁ?k%egtﬁgé{érétf#ﬁté{re

npara 'VE eX esl| i on” nmar but 'is high in

degree of rgin out B?lBQVEhQEE @fagg 8. Thus, it has been found that the
I nt egr al roIIer-sR structure is unsatlsfactory as 25 mechani cal

part. In this Example, substantially the same hollow,
resin shaped article as in Example 4 was obtained.
Results are shown in Table 2.
The results show that the integral roller-shaft
" 10 structure obtained in this example is low.in degree of
run out. The results also show that the integral
roller-shaft structure has no hesitation mark, indicat-
ing that even a local run out does not occur and the
appearance is good. THus, it has been found that the
15 obtained integral roller-shaft structure is excellent
as a mechanical part.
Comparative Example 6°
A roller having a shaft integrally formed there-.
with was obtained and evaluate& in substantially the
20 same manner as in Comparative Example 2, except that a
polyamide (Nylon 66) was used as a resin and a cylinder
temperature was set to 290 °C. The L(b)/L(a) ratio was
1.00.
In this comparative example, substantially the

25 same hollow, resin shaped article as in Comparative



79 Exanple 5 A roller having a shaft integrally forned there- with was
obt ai ned and evaluated in substantially the same manner as in Exanple 1,
except that auxiliary 5 chanber 3 was not used, and the shot vol une of
the nolten resin was reduced to about 65 % of that enployed in Exanple 1.
The L(b)/L(a) ratio was 0.92. The obtained integral roller-shaft structure
had a hesitation mark around a portion corr@sponding to 10 portion C
indicated in Fig. 3. Further, the integral roller-shaft structure was

eval uated at portions A and B thereof with respect to the degree of run out
in the same manferRamRleiek faHaPtainmstnplResnlty jaggishewn tife TaRpee2 of run
out at 15 portion C around ich the hesjtation mark was 0ob-_ served,
was eval uat ed. Resm1@P%N¥P§ﬁﬂﬁé¥2?Plﬂﬁﬂ1§5ﬂﬁ5.5tﬁﬂfﬁqﬁﬁMQQ$%ﬁﬂﬁ9t¥ﬁu t he

and 20 B, ol MGG e SIS DAt o e T o TR T on
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;
obt ai ned and ev e Substantia I me manner as
Exanpl e 15 excepty thal puBd |#And that the integral roller-shaft struc-

ture is unsatisfactory as a mechanical part.

Comparative Example 7

A roller having a shaft integrally formed.there-
with was obtained and evaluated in substantially the
10 same manner as in Comparative Example 3, except that a
polyamide (Nylon 66) was used as a resin and a cylinder
temperature was set to 290 °C. The L(b)/L(a) ratio was
0.84.
In this comparativ® example, substantially the
135 same hollow, resin shaped article as in Comparative
Example 3 was obtained. Results are shown in Table 2.
The integral roller-shaft structure obtained in
this comparative example has no hesitation mark, but is
high in degree of run out at pdrtions A and B. Thus,
20 it has been found that the integral roller-shaft struc-
ture is unsatisfactory as a mechanical part.
Example 9
A roller having a shaft integrally formed there-
with was obtained and evaluated in substantially the

25 same manner as in Example 5, except that a polyamide



- 80 chanber 3 was not used, that inlet 15 for a hollow formng fluid was
formed as shown in Fig. 7, and that the shot volune of the nolten resin was
reduced to about 65 % of that enployed in Exanple 1. The 5 L(b)/L(a)
ratio was 0.97. The thus obtained nol ded product was cut along line F-F as
shown in Fig. 7, thereby obtaining an integral roller-shaft structure. The
obtained integral roller-shaft structure ha&5a 10 ‘hesitation mark
around a portion corresponding to portion Cindicated in Fig. 7. Further,
the integral roller-shaft structurg was eval yat ed at rth ns A and B

I I
thereof with respd¥o0 6PHe W88 PEESAS, Bn TESLD ANFHE g&ﬁé Fn&PmpeTa-
d i bed 15 i.n. Ex le, 1. ' iS€e, 4 h f ti
C around whi ch ¢ K8 RCSARaEesn tharl tuas -ob TP SoFIBe/ LAY Z0Raares CReLn o
are shown in Table 1(B)y +H1e LESHELS SBANCLAL LASY Bhegkahe! AbhLshalt 20
structure is low in dégree of run-out at portions an , al though 'a

|ocal , slight rupe@yl isha@eli Rirkge1dUgst Ont BRaRBIE! 3! A8 BBEKinERNPArative
Exanpl e 4 Substantlaﬁly tﬁéhéane procegure as |§ Exanmple 1 ' :
5 Results are shown in Table 2.
| The integrai roller-shaft structure obtained in
this example is low in degree of run out at portions A
and B, although a local, slight run out due to a hesi-
tation mark occurs.
10 Comparative Example 8

A roller having a shaft integrally formed there-
with was obtained and evaluated in substantially the
same manner as in Comparative Example 4, except that a
polyamide (Nylon 66) was used as a'resin and a cylinder

15 temperature was set to 290 °C. |

A nitrogen gas was introduced into the molten
resin mass through the nozzle, sprue, runner and gate,
and the nitrogen gas penetrated the molten resin
present in the nozzle, sprue, rﬁnner and gate, and

20 reached the inside of the auxiliary chamber."

In the auxiliary chamber, since the volume of the
molten resin was small, the molten resin introduced
from the cavity to the auxiliary chamber could not £fill
the auxiliary chamber, so that a hollow, molten resin

23 balloon having nitrogen gas continued to be supplied



* 25 was repeated, except that the same shot volune of the 81 nolten
resin as enployed in Exanple 5 was used. Nitro- gen gas as a hol | ow form ng
fluid was introduced into the nolten resin nass through the nozzle, sprue,
runner and gate, and penetrated the nolten resin present in 5 t he
nozzl e, sprue, runner and gate, and reached the inside of the auxiliary
chanber. However, since the shot volune of t nolten resin was small, the
nolten resin introduced fromthe cavity to the auxiliary chanmber coul d not
fill the auxiliary chanber, so that, 10 in the auxiliary chanber, a

hol | ow, nolten reghdr@dhtd %% &e%aa,nhbaoaﬁguggépseat tREedatBule wpp! i ed

thereinto was forned, |eaving a space therear n the auxiliary chanber

The wal | of the regenahalilearehahbaken wrdekatheoBr easULes?h bR 1didh 0gen
gas, so 15 that the introduced gas was rel eased fromthe holl ow of the

mol ten resin nasswias biekeavunhdeetheepeeskure 6f the nesrdgenhegaef,0ixe;
nol ding of the-resin could not be perfornmed. Conparative Exanple 5 20
Subst anti al | y t hetbafe theodaduodugedi gaExwapl zelenaedr Epont te brddpw ifat
t he shot_vogune of the nolten resin was increased so that the cavity was
filled with the molten resin mass in the cavity before cooling of
the resin. Theréfore, molding of the resin éould noﬁ
be performed.
Examples 10 and 11
In each of Examples 10 and 11, a roller having a
10 shaft integrally formed therewith as shown in Fig. 17
was produced. As shown in Fig. 17, the integral roll-
er-shaft structure haé an entire length of 200 mm
(wherein each of terminal shaft portions 1, 1 located
at both ends of the sﬁgﬁcturé has a length of 2 cm),
15 and each terminal shaft portion 1 has a diameter of
10 mm and each roller 2 has a diameter of 12 mm. 1In
Fig. 17, an auxiliary chamber used in the production is
also shoﬁn (the auxiliary chamber has a rectangular
parallelopiped morphology and has an internal volume
20 which is about 40 % of the apparent volume of the
integral roller-shaft structure to be produced).
- Specifically, in Example 10, the hollow injection
molding of an acetal copolymer waé conducted at a mold

temperature of 80 °C and at a cylinder temperature of

25 200 °C, and in Example 11, the hollow injection molding



the resin. As aresult, a hollowratio was decreased to a |l evel as | ow as

10 % or less and a substantial 25 resin thickness becane | arge, so that
the cycle tinme of 82 nol di ng was prol onged about 4 tinmes as |ong as that
in Exanple 14, leading to a |ow productivity. In this Conparative Exanpl e,
the L(b)/L(a) ratio was 0.15. Exanple 7 5 A roller having a shaft

integrally fornmed there- with was obtained aBd@ evaluated in substantially
the sane manner as in Exanple 1, except that a polyam de (Nylon 66) was
used as a resin and a cylinder tenpera- ture was set to 290 [err The
L(b)/L(a) ratio wef & @9lyamide (nydoshb4i)nwasi ﬁ’P@QF&F—eFioPI"—eﬁ-Elﬁ’ £
structure had a hollowratio of 35 % In this Exanp substantially the
sane hol | ow, reS|ﬁeyﬁéﬁéﬁuéﬁtpéléoasclﬁnﬂxéﬁpPeCIlWégeabFﬁmﬁgaatR€§uP¢s are
PO a5 b 2o el S B 8B o
OULL 1S eoul TS SheR SPRUIIAL syl ARG 2 LAkl Rty heokuuchig 2 1o
the 20 @ppearﬁﬁ%§°b§n9%%@ waghgﬁplb&egqs R?EstQHTQttQQE bQSVLded in
a nozzle located at the forward end of a cylinder of.
the molding machine. As shown in Fig. 15, recess 18
was formed at one of terminal shaft portions 1, 1 and
an opening corresponding to gate 4 was provided in
10 recess 18. Recess 18 had a cylindrical morphology
which is the same as that of the recess shown in Figs.
20(a) and 20(b). The above cylindrical recess 18 had a
radius of 2.5 mm and a depth of 2 mm.
The resin was melt®d in the cylinder of the mold-
15 ing machine and injected into the mold cavity through
the nozzle of the cylinder and the gate so as to £fill
the cavity with a molten resin mass (the shot volume of
the resin was approximately the same as the internal
volume of the cavity). Subseqﬁently, nitrogen gas,
20 which was supplied through the nozzle of the cylinder,
was introduced into the molten resin mass to form a
hollow within thé molten resin mass. The nitrogen gas
employed was one which had previously been pressurized

to a pressure of 100 kg/cm2 in an apparatus for supply-

25 ing a hollow-forming fluid. The nitrogen gas was



obtained integral roller-shaft structure is excellent as a nechanical part.
Exanple 8 Aroller having a shaft integrally forned there- 25 w th was
obt ai ned and evaluated in substantially the 83 sane manner as in Exanple
4, except that a polyam de (Nylon 66) was used as a resin and a cylinder
tenpera- ture was set to 290 [err]. The L(b)/L(a) ratio was 1.00. The
obtained integral roller-shaft structure h ab holl ow ratio of 35 %
In this Exanple, substantially the sane holTow, resin shaped article as in
Exanpl e 4 was obtained. Results are shown in Table 2. The results show t hat

the integral roligersdgééd Ifnto tivé rMEites £EI LA NRssd NehPbsgRxeRRl € is | ow
I n degree of run out. The results also show that the integral roller-shaft

structure has nondgsléptsPrudPrunhddi £8d -gd €, tAdd eVe€MmBctogeh gay out
does not occur and the appearance is good. Thus, it has been found that

the 15 obt ai pegetratgd athe ohdPteshpésist pricserie 15 ekeehdenleas a
mechani cal part. Conparative Exanple 6 A roller having a shaft integrally
formed there- sprue, runner and gate. By the introduction of the
5 nitrogen gas as the hollow-forming fluid into the
molten resin mass to form hollow 8, a portion of the
molten resin mass was caused to be pushed out of the
cavity into auxiliary chamber 3. The hollow-forming
fluid reached the inside of auxiliary chamber 3, so
10 that the resultant integral roller-shaft structure had
a relationship represented by the formula L(b)/L(a) =
0.98, and a hollow ratio of 35 %.
In the above hollow injection molding, the intro-
duction of thé nitrogeh!gas under pressure was effected
15 under conditions such that tﬁe gas introduction delay
time (a time between the completion of the injection of
a molten resin and the introduction of the gas into the
molten resin mass) was 0.1 second, that the gas intro--
- duction time (a time for the iﬂtroduction of the gas)
20 was 5 seconds, and that the pressure holding time (a
total of the gas introduction time and the time for
which the gas is held under pressure in the cavity in a
closed system, subsequent to stopping the gas introduc-
tion) was 50 seconds. 5 seconds after the end of the

25 pressure holding time, the mold was opened and the



w th was obtained and evaluated in substantially the 20 sanme manner as
I n Conparative Exanple 2, except that a pol yam de (Nylon 66) was used as a
resin and a cylinder tenperature was set to 290 [err]. The L(b)/L(a) ratio
was 1.00. In this conparative exanple, substantially the 25 sane
hol | ow, resin shaped article as in Conparative 84 Exanple 2 was
obt ai ned. Results are shown in Table 2. The89ntegral roller-shaft structure
obtained in this conparative exanple has no hesitation mark, but is high in

degree of run out, at portions A and B.. Thus it has, been found that
the integral rol$RARShFESER (AEL1IGLR @P?Uﬁdat‘?‘iﬁ Felrgsed gr%cﬂé?n cal

. Co |l er_h h ft ly f d
Phere- wi i was Ttk 1%%@%” (R SRR T e 1 PR

manner as in Corpay ?gylf e that a polyam de (Nylon 66) was
used as a resin an a cj?ln er éﬁ%éﬁ u?@smas set to 290 [err]. The

LN LT 1 2ot e ek SRR A BT e SIGELIQl Yol 19
Results ase shovsyd Tuahedd eveh respect to the degree of run out, in the
following manner; The integral roller-shaft structure
was supported, at both terminal shaft portions 1, 1
thereof, by V blocks. Roller 2 was revolved once on
axis 21 of the integral roller-shaft structure and the
10 degree of run out (a difference between the maximum and
minimum values of displacement measured during the
revolution) was measured in a direction perpendicular
to axis 21 of the integral roller-shaft structure at
portion A in Fig. 15 (portion A was in reéister with
15 the center of roller 2) in the same manner as in Exam-
ple 1. In a roller, the smaller the degree of run out,
the higher the dimensional precision, so that an im-
proved accuracy of operation can be ensured. |
Further, the integral rolier-shaft structures thus
20 produced were also examined to find whether or not a
hesitation mark was observed.
Results are shown in Table 3.
The results show that the integral roller-shaft
structures obtained in Examples 10 and 11 are low in

25 the degree of run out. The results also show that the



The integral roller-shaft structure obtained in this conparative exanple
has no hesitation mark, but is high in degree of run out at portions A and
B. Thus, 20 it has been found that the integral roller-shaft struc-
ture is unsatisfactory as a nmechanical part. Exanple 9 Aroller having a
shaft integrally fornmed there- with was obtained and eval uated in
substantially the 25 sanme manner as in BE8nple 5, except that a

pol yam de 85 (Nylon 66) was used as a resin and a cylinder tenpera- ture
was set to 290 [err]. The L(b)/L(a) ratio was 0.92. In this exanple,
substantial |y thehﬁ%ﬁgqﬂﬂINQAle¢€§hﬁf§h§§éwcéﬂﬁﬁ@l@ﬁﬁ? ne besitatidnas

obt ai ned. 5 Results are shown_ in Table 2. The |nte ral roller-shaft

I |
structure obtalne@qq*tln@?qéwaﬁﬁi@aﬁsbﬁﬁw ifouady tba tofthe, Rbgained JariSvns
Socurs. 10 “°“g“a%ahzc?a'}el%é T Trca s SRR S T

formed there- with Qﬁslned and evaluated in substantlally t he sane
manner as in C0np§F Qie anpl e 4, -except that a pol yam de (Nylon 66) was

used as a resin apd g Gdd (3L, 21

In each of Examples 12 to 21, a spur gear having a

shaft integrally formed therewith, which had a morphol-
ogy as defined by the following items, was produced.
The obtained integral'toothed_wheel—shaft structure had

10 cross-sections as shown in Figs. 10(a), 10(b) and
10(c).

Module* 1.0

Number of teeth

11-42
Diameter of the 186t circle of the toothed
15 wheel: 8.5-39.5 mm
Diameter of the tip circle of the toothed
wheel: 13-44 mm
Face width of a tooth: 20 mm

Standard pressure angle: 20°

20 Diameter of a shaft : 8 mm
Length of each of terminal shaft portions : 20 mm
at both sides of the toothed &heel
(* Module is a value obtained by dividing the diameter
of pitch circle (mm) by the number of teeth)
25

In Examples 12 to 16, the hollow injection molding



15 tenperature was set to 290 [err]. A nitrogen gas was introduced into
the nolten resin nmass through the nozzle, sprue, runner and gate, and the
nitrogen gas penetrated the nolten resin present in the nozzle, sprue,
runner and gate, and 20 reached the inside of the auxiliary chanber. In
the auxiliary chanber, since the volunme of the nolten resin was small, the
molten resin introduced fromthe cavity to gpe auxiliary chanmber coul d not
fill the auxiliary chanber, so that a hollow, nolten resin 25 bal | oon
havi ng nitrogen gas continued to be supplied 86 thereinto was forned,

| eavi ng a space éheswadcetal i Sopdbymeni wasr yordacbed .athe mold démpéearesin
bal | oon was broken under the pressure of the nitrogen gas, so that the

i ntroduced gas wasre ebf£a8@d°Cramd tdae dotybindér Stempetdicur®| d£n28@sP@, nass
in the cavity before cooling of the resin. Therefore, nolding of the resin
coul d not be perdnd nel. Exmpieesliotandl 11the ketlowfiriespliers noldkngll, a
roller having a 10 shaft integrally formed therewith as shown in Fig.
17 was produced.ofs2 sPRlwanide gpyiom gﬁk V&g ctpnduetdd -atra gAREY structure

h nentire length of 2
as an e %I € eté%peé%tugg 5@”80 °C and at a cylinder temperature of

290 °C. As a hdllow-forming fluid to be introduced
into a molten resin mass in the cavity of the mold,
nitrogen gas was employed. A gas inlet was provided in
a nozzle located at the forward end of a cylinder of

' 10 the molding machine. As shown in Fig. 10(a), gate 4,
and path 5 for communicating the cavity with auxiliary
chamber 3 were formed in two opposite end walls of the
cavity, wherein the two opposite end walls of the
cavity correspond to two opposite end surfaces 6, 6 of

15 the integral toothed wheel-shaft structure.

The resin was melted in the cylinder of the mold-
ing machine and injected into the mold cavity through
the nozzle of the cylinder and the gate so as to fill .
the cavity with a molten resin.mass. Subsequently,

20 nitrogen gas, which was supplied through the nozzle of
the cylinder, was introduced into the molten resin mass
to form a hollow within the molten resin mass. The
nitrogen gas employed was one which had previously been

2

pressurized to a pressure of 150 kg/cm“ in an apparatus

25 for supplying a hollow-forming fluid. The nitrogen Qas



(wherein each of termnal shaft portions 1, 1 |ocated at both ends of the
structure has a length of 2 cm, 15 and each term nal shaft portion 1
has a dianeter of 10 nm and each roller 2 has a dianeter of 12 nm In Fig.
17, an auxiliary chanber used in the production is also shown (the

auxi liary chanber has a rectangul ar parall el opi ped norphol ogy and has an

i nternal vol une 20 ~which is about 40 %%2 the apparent volune of the
integral roller-shaft structure to be produced). Specifically, in Exanple
10, the hollow injection nolding of an acetal copo]yner was conducted at a

nol d tenper at ur 3% Hotydugednint? Bhe neltrn XesidbMass Lhyyoygh the g

[err] and in Exanple 11, the hollow injection noldin 87 of a pol yam de
(nyl on 66) was ARFRLS o FBTIS, BITRTEARS A3t cﬁn%crq}eemt%qaﬁratf%ﬁ
cylinder tenperature of, 290 Jerr As a hollowformng fluid to be :

i ntroduced i nt o BEHOTTRR e%é?f@é&ﬁ?qrF??chgﬁﬁﬁip?ﬁl HhsIEzLe

nitrogen gas'vxassﬁ{pé’oyﬁpn%eﬁ &f@t'mgt was provided in a nozzle |ocated at
a cylrndéer o

the forward end e nol di ng machi ne. As shown in Fig. 15,

e a1 e A6 BlelSHRE e lind W] ooy Y Mg 2PET "

cylindrical norp{el Q8Y-forming fluid into the molten resin mass to form
hollow 8, a portion of the molten resin mass was caused
to be pushed out of the cavity into auxiliary chamber
3. The hollow-forming fluid reached the inside of

10 auxiliary chamber 3, so that the resultant integral

toothed wheel-shaft structure had a relationship repre-
sented by the formula L(b)/L(a) = 1.00 and a hollow
ratio of about 25 %. Formed hollow 8 had a cross-
section as shown in Figs. 10(a), 10(b) and 10(c).

15 In the above hollow infection molding, the intro-
duction of the nitrogen gas under pressure was effected
under conditions such that the gas introduction delay
time (a time between the completion of- the injection of
a molten resin and the introduétion of the gas into the

20 molten resin mass) was 0.5 second, that the gas intro-
duction time (a time for the introduction of the gas)
was 5 seconds, and that the pressure holding time (a
total of the gas introduction time and the time for
which the gas is held under pressure in the cavity in a

25 closed system, subsequent to stopping the gas introduc-



which is the sane as that of the recess shown in Figs. 20(a) and 20(b). The
above cylindrical recess 18 had a radius of 2.5 mm and a depth of 2 mm The

resin was nelted in the cylinder of the nold- 15  ing nachine and
injected into the nold cavity through the nozzle of the cylinder and the
gate so as to fill the cavity with a nolten resin mass (the shot vol unme of
the resin was approxi mately the same as thé3 nternal volune of the cavity).
Subsequently, nitrogen gas, 20 whi ch was supplied through the nozzle of
the cylinder, was introduced into the nolten reS|n mass to fo ol | ow
Wi the i { VSRR SofRRIA L UAPRRI A ECHRS ST EEFRR had

ELS\F;: Zus% been Fﬁﬁessulrl m(* esle}_TrlfF Ofoﬂrfg% err él%agn%a arat us ford
t
gat e, and the. niSHARsEn %eSst%Eﬁfe‘{‘#‘-?%f%{H%ten %péﬁ %’“”e* o

nozzl e, sprue, n&n&pr and gate. By the introduction of the 5 nitrogen
gas as the holl ormng fluid into the nolten resin mass to form hol | ow

8, a portison of the niHd ghr-d@Sd TbBSE MRS SEisitbd Aegrshetbothe®f the

cavity into auxiliary chanber 3. The hol |l owform ng
wheel-shaft structure was evaluated using the crlterla
"tooth profile error" and "lead error" according to JIS
standard for a toothed wheel (JIS B 1702). Both of the
above errors are measured as dimensional differences of

© 10 the obtained toothed wheel from the ideal involute
toothed wheel. Accordingly, the smaller the error
value, the higher the dimensional precision, so that an
improved accuracy of operation can be ensured. The
above evaluations were ®conducted using an apparatus for
.15 the evaluation of toothed wheel (GC-1HP, manufactured

and sold by OSAKA SEIMITSU KIKAI Co., Ltd., Japan).

Results are shown in Tables 4 and 5. With respect
to the integral toothed wheel-shaft structure obtained
in each of Examples 12 to 21, ﬂo hesitation mark was

20 observed.

The results also show that both of the tooth
profile error and the lead error of each of the inte-
gral toothed wheel-shaft structures obtained in Exam-
ples 12 to 21 are small, indicating that the integral

25 toothed wheel-shaft structure has excellent dimensional



fluid reached the inside of auxiliary chanber 3, so 10 that the
resultant integral roller-shaft structure had a relationship represented by
the formula L(b)/L(a) = 0.98, and a hollowratio of 35 % In the above

hol | ow i nj ection nolding, the intro- duction of the nitrogen gas under
pressure was effected 15 under conditions such that the gas
introduction delay tine (a tine between the $Zonpletion of the injection of
a nolten resin and the introduction of the gas into the nolten resin nass)
was 0.1 second, that the gas intro- ductlon time ((?attlrre for. the

i ntroduction of tAREHRHORAS a MREhaNIGalRAFT anFATHAHCHIAF I esThf e

hol di ng t total of th trad t d the tine f ich
he gas 1S hel d dRTaTH ko i, Thas I IdeF 9 e eyt ok At ot

of the 5 " pr a2 4hi o 4 SERC A WHS RS S ool o1

shaped resin art '%&%@?ﬁ@e&% easpd fromthe nold. The obtained

shaped resin arti Cross- ction as shown in Fig. 15. The obtained
integral rell er'{%_@#éa%ﬁﬂ?é #,@ %%ése P and ®yaluated with respect to the
degree of run out], W, ner . he integral roller-shaft
structure In Comparative Examples 9 and 10, substantially

the same procedure as in Examples 14 and 19 was repeat-

ed, except that the shot volume of the molten resin was

reduced to about 75 % of the shot volume in Examples 14
10 and 19.

Nitrogen gas as a hollow-forming fluid was intro-
duced into the molten resin mass through the nozzle,
sprue, runner and gate, and penetrated the molten resin
present in the nozzle; "sprue, runner and gate, and

15 reached the inside of the auxiliary chamber. However,
since the shot volume of the molten resin was small,
the molten resin intrdéduced from the cavity to the
auxiliary chamber could not fill the auxiliary chamber,
so that a hollow, molten resin“balloon having nitrogen

20 gas continued to be supplied thereinto was formed,
leaving a space therearound in the auxiliary chamber.
The wall of the resin balloon was broken under the
pressure of the nitrogen gas, so that the introduced
gas was released from the hollow of the molten resin

25 mass in the cavity before cooling of the resin. There-



was supported, at both term nal shaft portions 1, 1 thereof, by V bl ocks.
Roll er 2 was revol ved once on axis 21 of the integral roller-shaft
structure and the 10 degree of run out (a difference between the
maxi mum and m ni mum val ues of di spl acement measured during the revol ution)
was neasured in a direction perpendicular to axis 21 of the integral

roll er-shaft structure at portion Ain Fig.935 (portion A was in register
with 15 the center of roller 2) in the same nanner as in Exam ple 1.
In a roller, the smaller_the degree of run out, the higher t he di_nensi onal

preci sion, so thRT%n THMIHRY E&%u?%§§n0¢°%kér%??om cBerheregder ed.
Further, the intsaral roller-shaft S Luctures t hus 20 produced were
al so exam ned t X hesitati on mark was observed.
Results are shown in sults show that_the integra

%qgle 3..Tgf rt le 14
rol ler-shaft structurdPBERAFRUY n*E& TR PATCEARS 195 17 PR35
the degree of rqﬂafﬂée e%@gdfeéﬁééétaéﬁgtsaﬁglé&?ﬁ%%%ﬁyi?hﬁggégtﬁggahot

roll er-shaft struc ave’ no rtati on nar een found

that the gbtai negsddt €-agr 2l r& QL1 €] -SNRb1 15K T HEL 6 SFa ST S 268568 02

mechani - cal parts.
level as low as 10 % or less and a substantial resin

thickness became large, so that the cycle time of
molding was prolonged about 4 times as long as that in
Example 14, leading to a low productivity. In this
10 Comparative Example,.the L(b)/L(a) ratio was 0.20.
Examples 22 to 31
In each of Examples 22 to 31, a roller having a
shaft integrally formed therewith was produced. The
integral roller-shaft sructure has an entire length of
15 200 mm (wherein each of the terminal shaft portions 1,
1 located at both ends of the structure has a length of
2 cm), and each terminal shaft portion 1 has a diameter
of 10 ﬁm and roller 2 has a diameter of 10 to 40 mm.
The obtained integral roller-sﬁaft structure had a
20 cross-section as shown in Fig. 11. In Fig. 11, auxil-
iary chamber 3 used in the production is also shown by
a broken line.
Specifically, in Examples 22 to 26, the hollow
injection molding of an acetal copolymer was conducted

25 at a mold temperature of 80 °C and at a cylinder tem-



5 Exanples 12 to 21 In each of Exanples 12 to 21, a spur gear having a
shaft integrally forned therewith, which had a norphol - ogy as defined by
the follow ng itens, was produced. The obtained integral toothed

wheel -shaft structure had 10 cross-sections as shown in Figs. 10(a),
10(b) and 10(c). Modul e* ' : 1.0 Nunber of teeth : 11-42 Dianeter of
the root circle of the toothed 15 wheel96 8.5-39.5 nm Di aneter of the

tip circle of the toothed wheel: 13-44 nn1Face mﬁdth of a tooth: 20 mm
St andard pressu neter_of a shaft

Length of each :‘ﬁe l?agtg'fﬁ%a‘ﬁsééﬁt Pordtdnid : E’?’H“Nﬁ%\é ot %Jrge%h%f thef
I I e dia ter 0
b tch cirel e (o B e 3l J’é‘?ﬂﬁ%%@? hobe potyaridd, h@ 251 o

16, the hollow igy ce r yas conducted
at a nold tenpera- tuéigg%r@%gé [}g()lr ﬁgl{a@u%lé@asedr: ur?® of 200
[err], cylinder temperature of 290 °C. As a hollow-formlng

5 fluid to be introduced into a molten resin mass in the
cavity of the ﬁoid, nitrogen gas was employed. A gas
inlet was provided in a nozzle located at the forward
end of a cylinder of the molding machine. As shown in
Fig. 11, géte 4, and path 5 for communicating the

10 cavity with auxiliary chamber 3 were formed in two
opposite end walls of the cavity, wherein the two
opposite end walls of the cavity correspond to the two
opposite end surfaces 6, 6 of the integral roller-shaft
structure. N

15 The resin was melted in the cylinder of the mold-
ing machiné and injected into the mold cavity through
the nozzle of the cylinder and the gate so as to fill
the cavity with a molten resin mass. Subsequently,
nitrogen gas, which was supplie&lthrough the nozzle of

20 the cylinder, was introduced into the molten resin mass
to form a hollow within the molten resin mass. The
nitrogen gas employed was one which had previously been
pressurized to a pressure of 100 kg/cm2 in an apparatus
for supplying a hollow-forming fluid. The nitrogen gas

25 was introduced into the molten resin mass through the



and in Exanples 17 to 21, the hollow injection nolding of a polyam de
(nyl on 66) was conducted at a nold 5 tenperature of 80 [err] and at a
cylinder tenperature of 290 [err]. As a hollowfornmng fluid to be
introduced into a nolten resin nass in the cavity of the nold, nitrogen gas
was enployed. A gas inlet was provided in a nozzle |located at the forward
end of a cylinder of 10 the mol di ng mac¥’e. As shown in Fig. 10(a),

. gate 4, and path 5 for conmunicating the cavity with auxiliary chanmber 3

were formed in two opposite end walls of the cavit erei.n the two
opposite end wal Ir’é’z(#e['hgpd:é’\ﬁ't FUTBETe 806h § S ot \%ydo%siwr@ﬁfrblﬂafsaces 6,

6 of 15 the inteqral, t e el -shaft structur.e. he resi,n was
nelted in the cy |#%gf%&ef%%‘%ngloml%lnn&eﬁ&@hipﬁgslaéﬁl(f iJ'r?J & ee(imlzrﬁloe’t he nol d

cavity through t zl f i.nder and the gate so as to fill the
cavity with a nn%?gﬂgﬁegﬁﬁﬂﬁgégidg gggauently, 20 nitrogen gas, which

was supplied through | |4 ' i t he
pp gh ighe ¢ anecz%fduvka%flhoﬁv dJf e ln%scdg%r %%#; gag t%éé

nolten resin mass to forma hol I ow in the nolten resi :

nitrogen gas enpheadwiForaihgMiith dadtey SHOWH 1t e Hrsine TRy 2@ Adimp
pressure of 150 kg/cnR in an apparatus 25 for supplying a 5
hol I ow-form ng f heildow Be anigoragem @IS the Mdlten resin mass was caused

to be pushed out of the cavity into auxiliary chamber

3, and the hollow-forming fluid reached the inside of

auxiliary chamber 3. Hollow 8 had a cross-section as
10 shown in Fig. 11. The L(b)/L(a) ratio was 1.00.

In the above hollow injection molding, the intro-
duction of the nitrogen gas under pressure was effected
under conditions such that the gas introduction delay
time (a time between tHe completion of the injection of

15 a molten resih and the introduction of the gas into the
molten resin mass) was 0 second, that the gas introduc-
tion time (a time for the introduction of the gas) was
5 seconds, and that the pressure holding time (a total
of the gas introduction time aﬁd the time for which the

20 gas is held under pressure in the cavity in a closed
system, subsequent to stopping the gas introduction)
was 40 seconds. 5 seconds after the end of the pres-
sure holding time, the mold was opened and the shaped
resin article obtained was released from the mold.

25 . The obtained roller having a shaft integrally



was introduced into the nolten resin mass through the nozzle, sprue, runner
and gate, and the nitrogen gas penetrated the nolten resin present in the
nozzl e, sprue, runner and gate. 5 By the introduction of the
nitrogen gas as the hollowformng fluid into the nolten resin mass to form
holl ow 8, a portion of the nolten resin mass was caused to be pushed out of
the cavity into auxiliary chanber 3. The hol 8% form ng fluid reached the

i nside of 10 auxi liary chanber 3, so that the resultant integral

t oot hed wheel -shaft structure had a relationship repre- sented by the
formula L(b)/L(a) £oxmed gsharawhbh| vasravabdudtedpBithotespess, kedths! | ow 8
had a cross- sectiag as shown in Figs, 10(a) ig&bg and 10%c). ég \

I'n the above hol | oRPERPECPEORUADPHENgLRt HRe| 1 LOWHTE PRRRSF - t hinfi £PE§an
gas under pressure was effected. under, conditions_such th t he, g :

i ntroduction deIaygfﬁier?iE?FﬁﬁthgmﬁgﬁuFﬂ%r%oﬁﬁfe??%ﬂoﬁeé?hegFn?é%?ion of
a nolten resin and Lntr i e,gas | e en jesin
mass) was 0.5 secoﬁ%?gfhgﬁ gﬁgggaggfgi?%g éﬁc?i%ﬁé??%g’(égtYn%l oréfhei

ntroduct i ons of {ha;g3Skags RageHaBisn: A0MLbNAbnERSE PREER UEECHObE! BErLi Mo

st
(a total of the gas Introddction tinme”an e tine he gas 1s
hel d under pressurgjbfl bh¢iRa¥eh¥st8rawlbh theCEEREErSYE! 8811643 §ANRAL O

st oppi ng the gas introduc-
portion E of the roller as shown in Fig. 1l in a manner

such that any displacement in a direction perpendicular
to the axis of the integral roller-shaft structure can
© 10 be detected. Portion D is positioned in the middle of

the length of roller 2 and portion E is positioned at a
distance of 130 mm from end surface 6 to which gate 4
has been communicated. The roller was revolved once on
the axis of the integrdl roller-shaft structure, and

15 the maximum and minimum values of displacement measured
by the dial gauge during the revolution were obtained,
and a difference betwéen the maximum and minimum values
was taken as the degree of run out. That is, the
degree of run out of the integial roller-shaft struc-

20 ture was evaluated at portions D and E in substantially
the same manner as in Example 1. In a roller, the
smaller the degree of run out, the higher the dimen-
sional precision, so that an improved accuracy of
operation can be ensured.

25 ' ~ Further, the average diameter of roller 2 was



93 tion) was 38 seconds. 5 seconds after the end of the pressure hol ding
time, the nold was opened and the shaped resin article obtained was

rel eased fromthe nold. 5 The precision of the obtained integral
t oot hed wheel -shaft structure was evaluated using the criteria "tooth
profile error” and "lead error"” according to JIS standard for a toothed
wheel (JIS B 1702). Both of the above error89%re neasured as di nensi onal
di fferences of 10 the obtained toothed wheel fromthe ideal involute

t oot hed wheel . Al di | th t.h
d?ﬁengionaFeprecﬁéggﬁkggo%?ﬁétrﬁaggﬁ§$%9eaeggeﬂg%c;gﬁngBeFEF %Qgéﬁdbg

The eval uati on obft SanEaciRen CReEeSPpatihnlids: B 305R08E MRy Cunan
SEI M TSU Kl KA C?Kerhﬁg dlé Belks g%EU|E§F5é§§$t g?fugeEQQEEEt%oagg Bn each

Wth respect to tegra tooth Whee cture obtal ne
of Exanples 12 tgndlpyN0oaf@sthat a%fgﬁéhcwam&@h wasOBBERYREd Bhe shg,sul ts

al so show that both of ‘the tooth profile error and the |ead error each
of the int®- gratrheeihgdpgheebmsbal ragt EHkEH 88 AbE2iBedibh Exzmevahas 12

to 21 are small, indicafting that the integral 25 t oot hed wheel - shaft
structure has exaehhgnthdldem&nemahal precision. The above difference
(= D1 - D2) is used as a criterion for showing the
cylindricality of a roller. That is, the smaller the
difference between the diameters of the middle portion
10 and the end portion (at the gate side) of the roller,
the higher the dimensional precision, so that an im-
proved accuracy of operation can be ensured.
Results are shown in Tables 6 and 7. In each of
Examples 22 to 31, the integral roller-shaft structure
15 had no hesitation mark. |
The results show that the integral roller-shaft
structure obtained in ‘each of Examples 22 to 31 is low
in the degree of.run out. The results also show that -
the integral roller-shaft structures have no hesitation
20 mark, indicating that even a local run out does not
occur. Thus, it has been found that the obtained
roller has a high dimensional precision and is excel-
lent as a mechanical part. The roller having an R2/r2

ratio of 1 to 3 is especially useful because the dif-

25 ference (= D1 - D2) is small.



94 precision as a nechanical part. Particularly, the integral toothed

wheel -shaft structures having an Rl/r1 ratio of 1 to 4 is especially useful
because the above errors are extrenely small. 5 Conpar ati ve Exanples 9
and 10 In Conparative Exanples 9 and 10, substantially the sanme procedure
as in Exanples 14 and 19 was repeat- ed, excegt t hat the shot volunme of the
molten resin was reduced to about 75 % of th&08hot volume in Exanples 14 10
and 19. Nitrogen gas as a hollowformng fluid was intro- duced into the

nolten resin mass_t hrough the ngzzle, sprue, runner and gate, and
penetrated the nD§¥%mE£§§+ﬁgp$%Qe§§ in the nozzle; sprue, runner and gate,
oD 10 ) el SPTEY oA Eo Rt 15 B DA YRR oy POV gl @, (e
(he, g2v1, L0, L1, AUoLbLELY SV BEOBLRENS P1ali | g gs SbLARLY CLIBSE,
s 3D LERGL T e B OLEEY, chE B e SRAE 08T ERECUALL By
pressure ofs the nké§p860iP8SsheP FHBiméECof HROUMSEen resin were about

65 % of those in Examples 23 and 28 so that integral

roller-shaft stiuctures to be produced had the same

hollow ratios as those in Examples 23 and 28. In each

of Examples 32 and 33, the L(b)/L(a) ratio was 0.93.

10 With respect to the integral roller-shaft struc-
ture obtained in each of Examples 32 and 33, a hesita-~
tion mark was observed around a portion (corresponding
to portion E indicated in Fig. 11) which was positioned
at a distance of 130 mnf from end surface 6 which was

15 communicated with gate 4. The degree of run out of the_’
roller was evaluated at a portion which was in.register
with the center thereof (corresponding to portion D
indicaﬁed in Fig. 11) in substantially the same manner
as in Examples 22 to 31. Likewise, the degree of run
20 out was determined at portion E around which a hesita-
tion mark was observed.
Results are shown in Tables 6 and 7.
The results show that the obtained integral roll-
er-shaft structures are low in degree of run out at

25 portion D, although a local, slight run out occurs due



gas was rel eased fromthe hollow of the nolten resin 25 mass in the
cavity before cooling of the resin. There- 95 fore, nolding of the
resin could not be performed. Conparative Exanple 11 Substantially the sane
procedure as in Exanple 14 was repeated, except that the auxiliary chanber
was not 5 used. As aresult, a hollowratio was decreased to a | eve

as low as 10 %or less and a substantial resin thickness becane | arge, so
that the cycle tine of nolding was prol ong about 4 tines as |long as that
in Exanple 14, leading to a | ow producti vi Lin this 10 Conpar ati ve
Exanpl e, the L(b)/L(a) ratio was 0. 20. Exanples 22 to 31 In each of

Exanples 22 to rql| I n haft integrally fornmed therewi th was
produced. The |%%é§% Re %% J%?%h %Fékfructure has an entire length of 15

200 nn1(where|nqggﬂafyiﬂugeﬁgaﬁqyyg Qh@%h.ggytlons 1, 1 located at both
ends of the strUcture has a Ieng and each term nal shaft
portion 1 has a di angtercds ak&ﬂmeamiaﬁ@lle%r 12 hasl a3 auwistamfialy o 40
nm The obtai ned i ntegral roIIer-shaft structure had a 20 Cross-section

as shown in Fi gthkl samen progedike asxiin Bxamplesa@leand (28edvasn nepeat-

production is al so shown by
ed, except that the respective shot volumes of the
molten resin were the same as those employed in Exam-
ples 32 and 33.

The nitrogen gas was introduced into the molten

" 10 resin mass through the nozzle, sprue, runner and gate,
and the nitrogen gas penetrated the molten resin
present in the nozzle, sprue, runner and gate, and
reached the inside of the auxiliary chamber. However,
since the shot volume of the molten resin was small,

15 the molten resin introduced from the cavity to the
auxiliary chamber could not fill the auxiliary chamber,
so that, in the auxiliary chamber, a hollow, molten
resin balloon having nitrogen gas continued to be.
supplied thereinto was formed, 1eaving a space there-

20 around in the auxiliary chamber. The wall of the resin
balloon was broken under the pfessure of the nitrogen
gas, 'so that the introduced gas was released from the
hollow of the molten resin mass in the cavity before

cooling of the molten resin. Therefore, molding of the

25 resin could not be performed.

Comparative Example 14



a broken line. Specifically, in Exanples 22 to 26, the hollow injection

nol ding of an acetal copol yner was conducted 25 at a nold tenperature
of 80 [err] and at a cylinder tem 96 perature of 20.0 C, and in
Exanpl es 27 to 31, the hollow injection nolding of a polyanm de (Nylon 66)
was conducted at a nold tenperature of 80 [err] and at a cylinder
tenperature of 290 [err]. As a holl owformlfg 5 fluid to be introduced
into a nolten resin mass in the cavity of the nold, nitrogen gas was

enpl oyed. A gas inlet, was provided in a nozzle |located at the forward end
of a cylinder of the SHRShanticddy the gamenprmeqeduney asiin Fxampde & pat h
5 for comunicating the cavity with_ auxiliary chanber were forned

10 3
in two opposit e “&%d WFRqatss tr?’Fé’etPévitth?,t \ﬁlbéréhdr?tt W@flt‘W? Spdda ];é“‘?lﬁ'(Panl |'s
[ d t. t te.end surfaces 6, of t.
ool ol o SRR el PSR BRI R el o
l'ind f th | Q- s ' ng. nje Into.t.he no cavi ro
Che noszl e of ¢ RESh Hesidc, " Heq % ReSgate 5o ned Lol RS, HER. dpchpaRech o
mlten resin magy aSURIRAUGR! by Bist 1998" 0325 esWiabl Wa§u%§QQ5k3%lthrou9h

t he nozzl e of .
resin thickness became large, so that the cycle time of

molding was prolonged about 4 times as long as that in
Example 20, leading to a low productivity. The
L(b)/L(a) ratio was 0.26.
10 Examples 34 to 41 |

In each of Examples 34 to 41, a roller having a
groove on a surface thereof was produced. The obtained
integral grooved roller-shaft structure has an entire
length of 160 mm (wheréfn each of the terminal shaft

15 portions located at both ends of the structure has a
length of 5 mm), and each terminal shaft portion 1 has
a diameter of 10 mm. A portion of the roller which has
no groove 14 has a diameter of 14 mm, and groove 14 has

-_} a width of 2 mm and a depth of 2 to 3.5 mm. The ob-

20 tained integral grooved roller-shaft structure is shown
in Fig. 12. The obtained integral grooved roller-shaft
structure has a cross-section as shown in Fig. 13 in
which auxiliary chamber 3 used in the production is
also shown. Groove 14 was formed in a manner such that

25 two spiral grooves which were inclined at 60 degrees.



20 t he cylinder,

hollow within the nolten resin mass. The nitrogen gas enpl oyed was one

whi ch had previously been pressurized to a pressure of 100 kg/cn2 in an

apparatus for supplying a hollowformng fluid. The nitrogen gas 25
I ntroduced into the nolten resin mass through the 97 nozzl e, sprue,

runner and gate,

in the nozzl e,
gas as the 5

he i nsid f aBXPFEaPPC
Shown i n H o il. TEe9#%$%/kga) ragio S 1.08. In.th ?ove hal l,ow -
(B FREPBICRLIE bR AL A8 ARPYBGLR DaBl8FaB, 2pfledeur e

shown in Fig.

was i ntroduced into the nolten resin nass to forma

was

and the nitrogen gas penetlfated the nolten resin present

sprue, runner and gate. By the introduction of the nitrogen
holl ow-formng fluid into the nolten resin mass to form
hol | ow 8, a por¥ebatévet he Bbet anigegfnthassohdsrcuesedarsangegushed out of
the cavity into auxiliarg chanber 3, and the_hollowformng fluid reached
h

arBer as sbPYBwiB Rad-aléross-section as 10

I nj ection nolding,

was ef fect ed under ,copdy haps Sychelhal LRe.08saLnt kgUHE! bRy dgl gyatime (a

time between the conp

ion o I hj €ctro

en resin and

the i ntroguctiopigh bhEygASnbILA! BendR! kAR LAChESMRERLN 98-8 s88nds N

the gas introduc- ti

10

15

20

25

e intro
resins. The hollow injection molding was conducted at

an appropriate mold temperature and cylinder tempera-
ture selected depending on the type of the resins.

As a hollow-forming fluid to be introduced into a
molten resin mass in the cavity of the mold, nitrogen
gas was employed. A gas inlet was provided in a nozzle
located at the forward end of a cylinder of the molding
machine. As shown in Figs. 12 and 13, gate 4, and path
5 for communicating the"cavity with auxiliary chamber 3
were formed in two opposite end walls of the cavity,
wherein the two opposite end walls of the cavity corre-
spond to two opposite end surfaces 6, 6 of the integral
segment-shaft structure.

The resin was melted in the cylinder of the mold-
ing machine and injected into the mold cavity through
the nozzle of the cylinder and the gate so as to £ill
lthe cavity with a molten resin mass. Subsequently,
nitrogen gas, which was supplied through the nozzle of
the cylinder, was introduced into the molten resin mass

to form a hollow within the molten resin mass. The

uctron or the gas) was



5 seconds, and that the pressure .holding tine (a total of the gas

I ntroduction tine and the time for which the 20 gas is held under
pressure in the cavity in a closed system subsequent to stopping the gas

i ntroduction) was 40 seconds. 5 seconds after the end of the pres- sure

hol ding tinme, the nold was opened and the shaped resin article obtained was
rel eased fromthe nold. 25 ' The obt®t ned roller having a shaft
integrally 98 formed therewith was eval uated with respect to the degree
of run out, in the foll ow ng ngpner The inte- gral nﬂller-shaf sfructure

was supported, TEERAGH (985 FAPLIRYEd (W3R i ECh haq RERFIOYSLIY) BegRKks. A
egi ster wi th (RESTOHTEIoor? Ol I F SR Er PPt dh dRe bt The dtPer =2t €houn
per pendi oul ar Cio nassp Yy '§ Mo Pl ChORM AT BN 7, Pl (B0AMon goq,
2 and portion B% phEd iren Gt TR it P e oniiI e o

I PR, PPN, chp cagter ey ghte g i clieboucyes Ll
m ni num val ues pénegit SPted e tmePeenBskin present in the nozzle,
sprue, runner and gate.

By the introduction of the nitrogen gas as the
hollow-forming fluid into the molten resin mass to form
- 10 hollow 8, a portion of the molten resin mass-was caused

- to be pushed out of the cavity into auxiliary chamber

3. Hollow 8 had a cross-section as shown in Fig. 13.
The L(b)/L(a) ratio was 1.00.
In the above hollow injection molding, the intro-
15 duction of the nitrogen gas under pressure was effected
under conditions such that the gas introduction delay
time (a time between the completion of the injection of
a molten resin and the introduction of the gas into the
molten resin mass) was 0.5 second, that the gas intro-
20 duction time (a time for the introduction of the gas)
was 5 seconds, and that the pressure holding time (a
total of the gas introduction time and the time for
which the gas is held under pressure in the cavity in a
closed system, subsequent to stopping the gas introduc-

25 tion) was 41 seconds. 5 seconds after the end of the



by the dial gauge during the revolution were obtained, and a difference
bet ween the maxi num and m ni nrum val ues was taken as the degree of run out.
That is, the degree of run out of the integral roller-shaft struc- 20

ture was evaluated at portions D and E in substantially the sanme nanner as
in Exanple 1. In aroller, the smaller the degree of run out, the higher

t he di nen- sional precision, so that an i npit06%ed accuracy of operation can
be ensured. 25 Further, the average dianeter of roller 2 was

99 neasured with respect to a-mddle portion thereof and an end portion

t hereof at a si dRre$syrechqldimgotimeycthgendidnwaergpaned andptbei vely,

referred to as D1 and D2, and the difference which was obtained bK sub- 5
tracting D2 fronfEaAPSRsreskRnastigle Pheainedsves cvalaesedi Agonnthe

di nensi onal preciéiﬂn. The above difference (= D1 - D2) is used as a
criterion for sHY g the cylindricality of a roller. That is, the smaller

Lhe o1 erence Det necpybgefl AUEL L2 5wl b SpALRLEa RS PrdPar il Lrbl
D L0, 5 e of R BUERESH! ORLCh §0FA Lepluer JecR"aHi o
center of the roller and the diameter of an end of
roller 2 which was on a side of gate 4. The above-
mentioned portion ahd end had no groove on a surface
thereof. That is, the diameter of the rollep at its
10 portion which is in register with the center thereof
" was measured at points a, b as indicated in Fig. 12,
and the diameter of roller 2 at its end which is on a
side of gate 4 is measured at points ¢, d also as
indicated in Fig. 12. “Phose diameters are, respective-
15 ly, referred to as D3 and D4, and the difference which
was obtained by subtracting D4 from D3 was taken as a
criterion for evaluating the dimensional precision.
The above difference (= D3 -~ D4) is used as a criterion
for showing the cylindricality of the roller. When the
20 cylindricality is poor, the groove on a surface of the
roller cannot properly function and cannot precisely
transmit the movement of the roller to a pin which is
arranged to move réciprocally along the groove as
explained in the descriptive portion above. That is,

25 the smaller the difference between the diameter of the



Exanples 22 to 31, the integral roller-shaft structure 15 had no
hesitation mark. The results show that the integral roller-shaft structure
obtained in each of Exanples 22 to 31 is lowin the degree of run out. The
results also show that the integral roller-shaft structures have no

hesitation 20 mark, indicating that even a |ocal run out does not
occur. Thus, it has been found that the obti®éned roller has a high
di mensi onal precision and is excel- l'ent as a mechanical part. The roller

having an R2/r2 ratio of 1 to 3 is especially useful because the dif- 25
ference (= D1 - rodlexs adndys portion mhdeh ds 37 xegisdem witdnpthas 32 and
33, substantially the same procedure as, in Exanples 23 and 28 %FS r epeat ed,
except that theSeptes &y the sl egendoithes &damedernof the snd of the
respective shot vaql.unes.qf .the nolten resi re ahout 65 %.0f thqse in
Exanpl es 23 and T981&F MECh dcgh@ F&qeeP}s &5 Euct egltg&ed:e duced
had the sanme hol]l.ow ratiq s those in Examples 23 S ach

Exanpl es 32 and dé‘?‘,entsﬁéml_a?b%/rf(cd‘)ﬂroé’t’i (?O\A%ga& &3 J‘f%I}%V%% accn\.\ﬁat rogspect

to the intggral o&;%'xjaetri'o%h@(atn He sl obtained in each of Exanples 32
and 33, a hesita- ’ :

Then, the iﬁtegral grooved roller-shaft structure
was examined to find whether or not a hesitation mark
was observed. ’

Results are shown in Tables 8 and 9. With respect
10 to the integral grooved roller-shaft structufe obtained
in each of Examples 34 to 41, no hesitation mark was
observed.
The results show that the integral grooved
roller-shaft structure ‘dbtained in each of Examples 34
15 to 41, a difference in diameter (= D3 - D4) is small,
so that the grooved roller can accurately transmitgﬁhe
movement thereof to a pin which is arranged to move
reciprocally along the groove. Further, since the
A depth of the groove is not smaller than the width of
20 the groove, the pin in the groove does not almost come
out of the groove during the rotation of the roller.
Thus, the integral grooved roller-shaft structures are
excellent as mechanical parts.
Examples 42 to 45
25 In Examples 42, 43, 44 and 45, substantially the



tion mark was observed around a portion (corresponding to portion E

i ndicated in Fig. 11) which was positioned at a distance of 130 mmfrom end
surface 6 which was 15 comuni cated with gate 4. The degree of run out
of the roller was evaluated at a portion which was in register with the
center thereof (corresponding to portion Dindicated in Fig. 11) in
substantially the sane manner as in Exanpl g9722 to 31. Likew se, the degree
of run 20 out was determ ned at portion E around which a hesita- tion
mar k was observed. Results are shown in Tables 6 and 7. The results show

that the obtai ngdmenpegcadure las &n- EEk&anl&tsr 3qt,uBgs Ise andw4ion waegr ee of

run out at 25 portion D, although a local, slight run out occurs due
101 to the hesi repeanedyr kxceprpahati theEnanpléary? chathbed WwasCooar ati ve
Exanpl es 12 and 13, substantially 5 t he sane procedure as in Exanpl-es

23 and 28 was rupedt- aad, thecaeispelkaiveheshods gedumee ofhdgheyololien of t he
nolten resin were the sanme as those enployed in Exam ples 32 and 33. The
ni trogen gas wakesifr wagcadout: 65t fe ofpitha i Exampdeisn 3das S 6ihBSugmd he

nozzle, sprue, runner and gﬁte“
40 so that the integral roller-shaft structure to be

produced had the same hollow ratios as those in the

corresponding Examples. In each of Examples 42 to 45,

the L(b)/L(a) ratio was 0.94.

In each 6f Examples 34, 36, 38 and 40, a hesita-

10 tion mark was observed around a portion which was at a
distance of about 105 mm from the end surface to which
a gate was communicated, and a concavo-convexo dis-
placement having a depth of 0.2 mm appeared inside of

the groove. I

15 A differénce in diameter (= D3 - D4) was measured
in the same manner as in Examples 34 to 41.

Results are shown in Tables 8 and 9.

Thé results show that the integral grooved
roller-shaft structure obtained in each of Examples 42
20 to 45 had a small difference in diameter (= D3 - D4)
and a high cyiindricality, although a relatively small
concavo-convexo displacement appears inside of the
groove due to the hesitation mark.

Comparative Examples 15 to 18

25 In Comparative Examples 15, 16, 17 and 18, sub-



and the nitrogen gas penetrated the nolten resin present in the nozzle,
sprue, runner and gate, and reached the inside of the auxiliary chanber.
However, since the shot volune of the nolten resin was small, 15 t he
nolten resin introduced fromthe cavity to the auxiliary chanber coul d not
fill the auxiliary chanber, so that, in the auxiliary chanber, a holl ow,

nmol ten resin balloon having nitrogen gas cdf8 nued to be supplied thereinto
was formed, |eaving a space there- 20 around in the auxiliary chanber.
The wal |l of the resin, ball ogn was broken under the pressure of, the nitrogen

gas, so that théiaRttifioedEhpSame REAGeAURe AH Mt FeralRieitv v 11 ntBten
resin mass in the vity before copling of the l,t en_resin.. Ther.efore,

nol di ng of the fg“fal;d MRS TR ote’%eeppterﬁr}tﬁ%e &ﬁﬁ%ercan‘tlr‘(/ee Wl e 14
102 Substantial Iy + | B! #ﬁg; , 1 £xcept
t hat the shot vc}'?/oulrr"gﬁeo ac?’ﬁe‘gl{rregl e;\geﬁieg'lsenél\%as mcr%ae:gs SO a{{%{% J(':rgvi ty

was filled withghgdesd Mo AR resWdq 45 hollow ratio was decreased 5

to a level as |low as 10 @6pr ess and a substantial resin thickness becane
large, so 4hat the cyglwerdddie qis Y E b MW SHOINEE 6 BbiU twas tinBsoas

long as that in

duced into the molten resin mass through the nozzle,
sprue, runner and gate, and penetrated the molten resin
present in the nozzle, sprue, runner and gate, and
reached the inside of the auxiliary chamber. However,

10 since the shot volume of the molten resin was small,
the molten resin introduced from the cavity to the
auxiliary chamber could not fill the auxiliary chamber,
so that, in the auxiliary chamber, a hollow, molten
resin balloon having nitrogen gas continued to be

15 supplied thereinto was formed, leaving a space there-
around in the auxiliary chamber. The wall of the resin
balloon was broken under the pressure of the nitrogen
gas, so that the introduced nitrogen gas was released -
from the hollow of the molten resin mass in the cavity

20 before cooling of the molten resin. Therefore, molding
of the resin could not be performed.
Comparative Example 19

Substantially the same procedure as in Example 42

was repeated, except that the shot volume of the molten

25 resin was increased so that the cavity was filled with



Exanpl e 20, leading to a |low productivity. The L(b)/L(a) ratio was 0.26. 10
Exanples 34 to 41 In each of Exanples 34 to 41, a roller having a groove on
a surface thereof was produced. The obtai ned integral grooved roller-shaft
structure has an entire length of 160 nm (wherein each of the term nal

shaft 15 portions |ocated at both ends of the structure has a | ength of
5 nmm, and each term nal shaft portion 1 ha%08 dianeter of 10 nm A portion
of the roller which has no groove 14 has a dianmeter of 14 mm and groove 14
has a wdth of 2 nmand a depth of 2 to 3.5 nm The ob- 20 _tained

i ntegral groovedtRe|Peitenaresinrnessrbyia Eubhnshat p§. the resénebt ABned
integral grooved roller-shaft structure has a_cross-section as shown in
Fig. 13 in whi ch®aE&Fnitr yachakbey Batiedvwes 4Rerpre8AcEPoR 18VELsBSshown.
G oove 14 was foyned in nner such that 25 t spital _gropves which
were inclined ati%ﬁ ﬁﬁg}gega°r i%%sr%?ét?vﬁuPﬁt?ﬂElgiiEgﬁ+ntﬁ ngp?EF wer e
arranged to cro each her as_s in Fig. 12, .1n a s34 41, as
shown in Tablesslée %ﬁeQ?Sﬁﬂéac%?aFE%gn%g%l?ﬁ%}% 5}%%I€§n$§%S%R§I8%366), a
modi- 55 fied,p0} ¥PHERYLEDE °h NEIn8E%a 8N ART LESERaYRIE HREDRS 29,

leading to a low productivity. The L(b)/L(a) ratio was

0.20.
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resins. The hollow injection nolding was conducted at an appropriate nold
tenperature and cylinder tenpera- ture sel ected depending on the type of
the resins. As a hollowformng fluid to be introduced into-a 10 nol t en

resin mass in the cavity of the nold,

ni.

troga® gas was enpl oyed. A gas

inlet was provided in a nozzle located at the forward end of a cylinder of

t he nol di ng nmachi ne.

~As shown in Figs.

12 and 13, gate 4, and path 5 for

comuni cating the
opposite end wal | g
cavity corre- spoj

segnent -shaft strga
20 i ng machi ne

the cylinder and t
mass. Subsequent| y

the cylinder, was]i

holl ow within the

Ty
JACL
Efd

chanmber 3 15 were formed in two
n the two opposite end walls of the
surfaces 6, 6 of the integral

8 nelted in the cylinder of the nold-

t-hel nol d cavity through the nozzle of

the cavity with a nolten resin -

Qh was supplied through the nozzle of
ponmoll ten resin mass 25 to forma
The 104 nitrogen gas enpl oyed was

one whi ch had preyi

apparatus for supf

ized to a pressure of 100 kg/cnR2 in an
hengl fluid. The nitrogen gas
(=]

Table 1(a)
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was introduced into the nolten resin mass through the 5 nozzl e, sprue,
runner and gate, and the nitrogen gas penetrated the nolten resin present

in the nozzle, sprue, runner and gate. By the introduction of the nitrogen
gas as the hollowformng fluid into the nolten resin mass to form 10
hollow 8, a portion of the nolten resin mass. was caused to be pushed out of-
the cavity into auxiliary chanber 3. Hol | o#*B had a cross-section as shown

in Fig. 13. The L{D)7TLC(&) rafio pas [L. 00 thefab GTTUWTInjection
nol ding, the intr '815 e ductijon df the jpitrogen gas (rler pfessure was
ef fected under con@atiwds su¢h that [t he gajs_intrpducltior &@lay| time (a time
bet ween t he conpl‘ugqpag# th%qln ectlicon of mol fen Jr-@sifrvand t he
i ntroduction of thengﬁ§ﬂgnto thej aoljteen rejsen mags) second, that
the gas intro- 2 ggg;@@ctio1 tijme (ja ting for the i gtiop of the gas)
was 5 seconds, andif®R-dthe pressurg holdijng ting o« Of the gas
introduction tinel 2fd 38e tipe flor vhich the gasfis hel d #fder| pressure in
‘the cavity in a cf@sSEd SYyStEN —SUbSHUUent—to—Stoppi ttfe—gas—j ntroduc- 25
tion) was 41 seconfls. 5 secpnds| abtijey thel.gnd of the | 188 pfressure
hol ding time, thel %ol d was operded End®the | & 51 Sl&ug
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shaped resin article obtained was rel eased fromthe nold. Further, roller 2
was neasured with respect to the 5 di aneter of a portion which is in
register with the center of the roller and the dianeter of an end of roller
2 which was on a side of gate 4. The above- nentioned portion and end had
no groove on a surface thereof. That is, the dianmeter of the roller at its
10 portion which is in register with theélgenter thereof was measured at

poi nts a, b as indicated-in Izi?h 12 _and the digneter of roller 2 at its
end which is on a sid%;of gatej4 if nfasuredfat poiﬁﬁiic, d al so as
indicated in Fig. 12f8fhoge dipneters |are, rlespdcti §1:15 ly, referred
to as D3 and D4, and qf:rgegcagféefe.nceqv\kioph walsr olt-ai n@d; by |subtracting D4
from D3 was taken as|arefpderi pa flor gwal uatjag jt-he gﬂyensional preci sion.
The above difference| @=%Kas- Df) ijs uged as |a criitefiggh fqr showi ng the:
cylindricality of thedfteri Wen thg 20 cylinddical ijty is poor, the
groove on a surface pRzhR2IMI | er cannot properlly flFetion and cannot
precisely transmt t g Tmovenmen| ofj thg 1o tQa prm whijch is arranged to
nove reciprocally al )Jﬁg t he grpowe| as |expl aifhed |i no{ hTedcriptive portion
above. That is, 25 [m the sm I%r tge %’jifferegce %epﬁoﬁn t he di ameter of
t he hrV o oo o TRECR-E
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106 roller at its portion which is in register with the center of the
roller and the dianeter of the end of the roller which is on a side of the
gate, the higher the dinensional precision, so that an inproved accuracy of

5 operation can be ensured.. Then, the integral grooved roller-shaft
structure was exam ned to find whether or not a hesitation mark was
observed. Results are shown in Tables 8 andi® Wth respect 10 to the

integral grooved roller-shaft structure obtained in each of Exanples 34 to
41, no hesitation mark was observed. The results show that the integral
grooved roller-shaft structure obtained in each of Exanples 34 15 to
41, a difference in diameter (= D3 - D4) is small, so that the grooved
roll er can accurately transnit the novenent thereof to a pin which is
arranged to nove reciprocally along the groove. Further, since the depth of
t he groove is not snaller than the wdth of 20 t he groove, the pin in

the groove does notgatmegt—eere out of the groove during the rotation of
the roller. Thus, ge intgarial |grooved roller-shaft structures are
excel l ent as mech cal p8rtisg |Exanples 42 to 45 25 I n Exanpl es
42, 43, 44 and 45, SubstPUtiatly t he '
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107 same procedure as in Exanples 34, 36, 38 and 40 was repeated, except
that the auxiliary chanber was not used, and the respective shot vol une of
the nolten resin was about 65 % of that in Exanples 34, 36, 38 and 40 so
that the integral roller-shaft structure to be produced had the sane hol | ow
ratios as those in the correspondi ng Exanples. In each of Exanples 42 to
45, the L(b)/L(a) ratio was 0.94. In each bl4Exanples 34, 36, 38 and 40, a
hesita- 10 tion mark was observed around a portion which was at a

di stance of about 105 mm fr[@RT TN€ end Sprigce o whi chf a gat e S
conmuni cated, and a concavciionnexggdis- plfacenent { havj ng a.ﬁ@pth of 0.2 mm
appeared inside of the groqie. 15 &% o {Andilff ef enciin disneter (= D3 -
. Q- ~ O 4 ~ o O
D4) was measured in the sanme ngnneteas | n Bxanples|34 o k:n@ﬁsults are
. (3] . (=R .
shown in Tables 8 and 9. ThHesgeqults shpw that |the}integralg gedoved
roll er-shaft structure obtdidred jreachrof—Eramptes—4226 tio 45 had a
smal | difference in dianmetgrg(diD3 & D4) and athigh cylindriggllity,
al though a rel atively smal I} fpBdav@ggonvexd &i §p! acenment, dfdsdris i nsi de of
the groove due to the hesitlaion n@fk. [Conparat|i ve| Exaipl dsg 38 {to 18
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25 I n Conparative Exanples 15, 16, 17 and 18, sub- 108
stantially the same procedure as in Exanples 34, 36, 38 and 40 was
repeat ed, except that the respective shot volunes of the nolten resin were
the sane as those in Exanples 42, 43, 44 and 45. 5 Ni t rogen gas as
a hollowformng fluid was intro- duced into the nolten resin mass through
the nozzle, sprue, runner and gate, and pergtgated the nolten resin present
in the nozzle, sprue, runner and gate, and reached the inside of the

auxi liary chanmber. However, [0 ST the—sthot—votue ol ten
resin was small, the noltenfesijn i gtrodiucef frjom tthe ¢avi t he
auxiliary chanber could not{%ill| tH& auxil i pey lehafher | nso in the
auxi liary chanber, a hollow,g @ It eB &r esiin bhl | don havi hg nj- en gas
continued to be 15 suppl égd it herei nfo was florned, |eav|d space
there- around in the auxilijgy crefrber—Frerwahi—ei—the—e al | oon was
br oken under the pressure ofggﬁk ni ®rogen gps, |so tthat{th | gter bduced
nitrogen gas was rel eased flroggt heg&cg | oy of st e Mol fep repspnymass in the
cavity 20 before coolingggf thgeipl {en yesiin. [Thereforgg2wl ding of
the resin could not be perflof ged. €&fpafati e Bxanple 19 [25§
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except that

shot of the resin.

resin was increased so that the cavity

109 the nolten resin mass by a ful

Substantially the sane procedure as in Exanpl e 42 was repeat ed,

t he shot volune of the nolten 25

was filled with
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teristics, thereby contributing to environnental pro- tection, as conpared
to a mechanical part having a shaft unitarily formed therewith produced by
an insert nolding nethod. 15 The nechani cal part according to the
present invention, which has excellent properties as described above, is
useful in various fields, such as autono- biles, ordinary machinery,

preci sion machinery and el ectric and el ectrld® ¢ equi pnment, so that it is
com 20 nercially very advantageous. The nmechanical part of the
present invention is especially useful in household electric appliances and
of fi ce automati on machi nes, such as facsimle nmachines, printers and copy

machi nes. 25 & CrArvSTT: A Tortow T1agsinnmechani cal part having a
shaft integrally|®orngd therewith, conprijsing alhollow, 5 i nt egr al
functional segmen-sBaft sfructlire, $aid| holllow/| integral, functional -
segnent - shaft st ﬂﬁ% ne cofprising al | epst jone{functional resin segnent,
and a resin shaf13gpa}iall , infegrally formed wth said functional
segnment, 10 2e~gaid follow, infegrpl, [fundtional segment-shaft
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structure having a hollow continuously or discontinu- ously extending
substantially along an axis of said segnent-shaft structure within at | east
one nmenber selected fromsaid functional segment and said shaft, 15

said hollow, integral, functional segnment-shaft structure having, in an
outer surface thereof, one or two openings conmunicating with said holl ow,
wherein said hollow, integral, functional skYent-shaft structure satisfies

the rel ationshi ps 20 defined by the following fornula (1): 0.9 [err]
L(b)/L(a) [err] 1 (1) wherein L(a) represen he entire | ength of
said integral segnent-shaft str t he axi s thereof,

o L) Tenresents Lo dSPNER anoun e R LB RR T Bl 070
o SO o ook YRS BB ST 4P h S oty Rolfad PO
oD kel e s S LA eSOl picsg i Toshan co
has, in a3 Out efmechanical part of the present invention can be pro-
duced by a holloﬁ injection molding method. Therefore,
the mechanical part can be produced in a short period
of time with high productiviﬁy. Further, since the me
chanical part has a resin shaft integrally formed
10 therewith, it has excellent material-recycling charac-
teristics, thereby contributing to environmental pro-
tection, as compared to a mechanical part having a
shaft unitariiy formed therewith produced by an insert
molding method. i
15 The mechanical part according to the present
invention, which has excellent properties as described
above, is useful in various fields, such as automo-
biles, ordinary machinery, precision machinery and
electric and electronic equipmént, so that it is com~
20 mercially very advantageous. The mechanical part of
the present invention is especially useful in household
electric appliances and office automation machines,

such as facsimile machines, printers and copy machines.

25



10 surface thereof, two openings conmmunicating with said hollow, and
said two openings are, respectively, locat- ed in two opposite _end surfaces
of said integral seg- nent-shaft structure, said two opposite end surfacés
bei ng separated by a distance equal to the length of 15 El ' ' f
the integral segnent-shaft structure, and wherein said Intmm'”ﬂ"mmmm
segnent -shaft structure satisfies the rel atl®hshi ps defined by the #orsml
L(b)/L(a) = 1 wherein L(a) and L(b) are as defined for forrmula (1). 20

3. The nechani cal part according to claim.l, wherein said integral
segnment-shaft structure has, in an out er LAIMS e t hereof, two openings
conmuni cating with said hollow, and wherein one of said two openings is

| ocated in one of two opposite end surfaces of said integral 25

- shaf .d | d f . bej ‘
separated by a di ot arbcrebEay (E% R PERAERTEH: i ety T Hl egr
segnent - shaft st{ﬁ@%%%§%%gngd £4 L hEF e lr@bﬁ €}§¥EEQQ A& oy €CESS

formed in an outer ortion- ot her an s WO~ opposite 5 end
surfaces, ssai d roceSErde] NBuRCPLENLT sdgrest LEd fONsEF R $Ad d outer surface
portion toward the axis of the integral segnent-shaft structure. 4. The

mechani cal part accorghig helLdw} Ndtedhel pi functional segment-shaft
Qtructure comprising at least one functional resin
segment, and a resin shaft coaxially, integrally formed
with said functional segment,

10 said hollow, integral, functional segment-shaft
structure having a hollow continuously or discontinu-
ously extending substantially along an axis of said
segment-shaft structure within at least one member
selected from said funcfional segment and said shaft,

15 said hollow, integral, functional segment~shaft
structure having, in an outer surface thereof, one or
two openings communicating with said hollow,

wherein said hollow, integral, functional
segment-shaft structure satisfiés the relationships

20 defined by the following'formula (1):

0.9 g L(b)/L(a) g 1 (1)
wherein L(a) represents the entire length of said
integral segment-shaft structure as measured along
the axis thereof, and L(b) represents the length

25 of said hollow as measured along the axis of said



10 at least a part of said functional segnment .constitutes_a-toothed
wheel . 5. The mechani cal part according to claim1, wherein at |east a
part of said functional segment constitutes 15 ﬁlﬂﬂﬁmm"mneﬂlslm
coaxially formed with said shaft, and wherein said i sfies
the rel ationships represented by the fornula Rl/r1 =1 %0'5, "in*which R1
represents the dianeter of the root circli2f said toothed wheel and rl
represents the dianeter of said 20 shaft. 6. The nechani cal part
according to claim1, wherein at |east a part of said functional segnent
constitutes a rol | dntezgal spgment-shpft wtamahWd, part according to claim

1, wherein at |east acgart of said functiopal se nt constitqgﬁf aroller
coaxi al |y formed wisat%s A 18T (L taeF e MNP AN Y A9 85 %.s the

| ati hi d.by 5 f la R2/r2. = 1 4. in which R2
aprosents | ARRI T A AaRSD ke S e M HORE Mo or of
sal d shaft. Byga e machan Galeparly ACANUDO &P GldidRik JNYAd 10
(% | Unc%l ut es.

at | east a par sa onal “Segnment” constit
5 shaft to thereby exert a function of said functional
segment.
2. The mechanical part'according to claim 1, wherein

said integral segment-shaft structure has, in an outer
" 10 surface thereof, two openings communicating with said
hollow, and said two openings are, respectively, locat-
ed in two opposite end surfaces of said integral seg-
ment-shaft structure, said two opposite end surfaces
being separated by a didtance equal to the length of
15 said axis of the integral segment-shaft structure, and
wherein said'integral segment-shaft structure satisfies
the relationships defined by the formula L(b)/L(a) =1

wherein L(a) and L(b) are as defined for formula (1).

20 3. The mechanical part according to claim 1, wherein
said integral segment-shaft structure has, in an outer
surface thereof, two openings communicating with said
hollow, and wherein oﬁe of said two openings is located
in one of two opposite end surfaces of said integral

25 segment-shaft structure, said two opposite end surfaces



aroller coaxially formed with said shaft, wherein said roller has on a
surface thereof a groove having a depth of not snmaH-er—than—a-w-dth—ef the
groove, and wherein said roller satisfies the relationships rErresented by

15 the formula r3/R3 [err] 0.5, in which r3 repummlﬁum mmﬂnce

bet ween the inner bottom of said groove and the axi

segnent -shaft structure, and R3 represents23he radi us of the'cirfcular cross
section of the roller at a portion thereof having no groove. 20 9. A

met hod for injection nolding a resin while formng a hollow to produce a
hol | ow, resin bethanéeparated byvandiataneetequalbgial thefbenghi®€rewi th
accord- ing to claiml, which conprises: 25 (l%ﬁ roviding a nold
conprising a f$&td asie @f the inpegral SeomSRbrEhabE S Tgtﬂﬁ??ng with

said fixed nold half to thereb rovide,a nnlg cavity defined by.,an_inner
wal | of the fi3Rd FReJIORAEF aaén RO hRetoGared ¥t %?/%%|€°EIB¥‘& H3if,

said nold cavity bejng co ni- 5 . cated wih a e 2) _11] ing a

resinin a nol} n°?5?ﬁ1?Hggggﬁiqugﬁ??yofﬁ?Bn%%a%a?%fgaf%ét%p#g%ﬁgé nol t en

resin mags 1n ggédsﬁg¥5E¥s,aggid recess being concaved in a direction
from said outer surface portion toward the axis of the

integral segment-shaft structure.

4. The mechanical part according to claim 1, wherein
10 at least a part of said functional segment constitutes

a toothed wheel.

5. The mechanical part according to claim 1, wherein
at least a part of said” functional segment constitutes
15 a toothed wheel coaxially formed with said shaft, and
wherein said toothed wheel satisfies the relationships
represented by the formula R1/rl = 1 to 5, in which Rl

represents the diameter of the root circle of said

L toothed wheel and rl represents the diameter of said
20 shaft.
6. The mechanical part according to claim 1, wherein

at least a part of said functional segment constitutes

a roller.

25



(3) introducing a hollowformng fluid under 10 pressure into the
nolten resin mass through said gate to forma hol | ow wthi-n—sai-d-rplten—
resin nmass, wherein said gate is located in register with a position within

a terminal region of said cavity which region has a Ie mumuuﬂlmnnr
entire length of a 15 hol I ow, integral, functional

structure to be produced as neasured al ong &#4axis t her eof ° s6 that® said
hol | ow, i ntegral segnent shaf t structure satisfies the relatlonshlps

defined by the fqll f /L(a
(D) 560 2t T Ger ot imchanhcbdl past RecarALng (65 A oty al
t-shaft st l. f.,
opresents t hesléﬁcﬁﬁ%%faiaa[ﬁ%%ﬂ o ”%e Sl saFity Hiboitley
t I t fat d
l:lnale%]rg \Smﬁg?g.nn ggl% le%té%h%asrgr}égﬁ |ary c%ar%}:aeééc?%rrﬁu%ﬁfl gg‘fqggjﬂf% sai d

ol d cavity, andgaher §id11dr sait8R fids thiee FAlatSRdnsd3igy IregriRaited 1y as
to fill said cavity and, Iin step (3), 5 the introduction of said

hol I ow-f orgi ng f lghied ﬂdﬁrﬁxl@%ﬂ&*ﬁ en 1r &y 11 ,ME$S whi chO R et adftint®s eS| Ng
a portion
diameter of said roller and r2 represents the diameter

of said shaft.

8. The mechanical part accordingito claim 1, wherein

10 at least a part of said functional segment constitutes
a roller coaxially formed with said shaft, wherein said
roller has on a surface thereof a groove having a depth
of not smaller than a width of the groove, and wherein
said roller satisfies the relationships represented by

15 the formula r3/ﬁ3 2 0.5, in which r3 represents the
distance between the inner bottom of said groove and
the axis of the integral segment-shaft structure, and
R3 represents the radius of the circular cross section
of the roller at a portion theréof having no groove.

20
9. A method fér injection molding a resin while
forming a hollow to produce a hollow, resin mechanical
part having a shaft integrally formed therewith accord-
ing to claim 1, which comprises:

25 (1) providing a mold comprising a fixed mold half



of said resin nmass to be pushed out of said cavity into said auxiliary
chanber under the pressure of the intro- duced hoFtowformng fluid. 10 11
The net hod according to claim 10, wherein said auxi

comuni cated with said nold cavity through an openi ﬂ‘m limwﬂy m|of t wo
opposite end walls of said cavity, said two opp05|t el ng 15
separated by a distance equal to the | ength25f an'axis of said cavity which
axis corresponds to the axis of the integral segnent-shaft structure to be
produced, said one end wall beina gositioned on_a side renmote fromsaid
gate. 20 12. TARdndtAe¥akdgomalfAghadlcmaring Uitﬂo§a%ﬁe?é¥ﬁdamﬁiétrusion
is formed in il of the | d-definin sah%ecath¥, ? rotru5|on
correspondi ng tBa £, ERctReRRPENPFSVEEeD gavhtyndefhpegd By a
segnent -shaft 25

1ﬁ7 opp05|$e ﬁnﬁnEﬁFfﬂﬁé gpﬁpﬁtgétggoﬁéggsﬁai%aggaggﬁtigﬂ?ﬁéw?@ﬁ fi of
0% 0" be concavEh®: ROYRRIBCABEE RETE:, sa1h Bhiarcals PR BeSRYT ?gﬁ'ﬁflg\’var:jct he

5 cated with a gate,

n tMD

(2) injecting a resin in a molten form into said
cavity through said gate to form a molten resin mass in
said cavity, and

(3) introducing a hollow-forming fluid under

10 pressure into the molten resin mass through said gate

to form a hollow within said molten resin mass,

wherein said gate is located in register with a
position within a terminal region of said cavity which
region has a length of /10 of the entire length of a

15 hollow, integral, functional segment-shaft structure to

be produced as measured along an axis thereof, so that

said hollow, integral segment-shaft structure satisfies

the reiationships defined by the following formula (1)
0.9 5 L(b)/L(a) g 1 (1)

20 wherein L(a) represents the entire length of said
integral segment-shaft structure as measured along
the axis thereof, and L(b) represents the length
of said hollow as measured-a;ong the axis of said

integral segment-shaft structure.

25



5 axis of said integral segnent-shaft structure, and wherein said gate
Is located in said protrusion in the wall  defining the cavitTy and directed

so that said nolten resin is injected into said cavityyi ' aty

perpendi cular to an axis of said cavity which axis 101'{!"&!‘%“@5“&&“&0
the axis of said integral segnment-shaft structure to u . sl3x The

" met hod according to claim9 or 10, wherein sB2&l cavity has an internal

nmor phol ogy adapted for 15 produci ng a hollow, integral, functional

segnent-shaft structure in which at |east a part of said functional segnent

constitutes a todtthed Thrdrethod agroxgdinmtactriah iy twhegehmrid I&@fd

wherein 20 said cavity has an internal norphol ogy, adapted for groducing

a hol | ow, integrdias fAhAWbhbtage Fhanbemn gemuynigatrd wiFRufadd fotdast a
part of said functional %ﬁgfeqi constitutes a ot@gg wheel coaxiall¥ :
formed with sai d ¥hAftY’ TIPSl (b TP ] TSR eSIn {9e

rel ationships re nﬁggpg g ril = 2 i ich RL
represents the dﬁ'a erggfghgeé.'%%gl(r?ir gﬁée?%féas‘gié’ t60 'hgid{ \(/)\ﬂ%eq Q?Flg’nrl

representssthe dia@!fit M@ thr ¥ tsa R hol Y- £RLATIAL RCHRES et O
claim9 or 10, wherein -

molten resin mass is conducted while causing a portion -

of said resin mass to be pushed out of said cavity into
said auxiliary chamber under the pressure of the intro-
duced hollow-forming fluid.
10

11. The method according to claim 10, wherein said
auxiliary chamber is communicated with said mold cavity
through an opening formed in one of two opposite end
walls of said cavity, sZid two opposite end walls being

15 separated by a disténce equal to the length of an axis
of said cavity which axis corresponds to the axis of
the integral segment-shaft structure to be produced,
said one end wall being positioned on a side remote
from said gate.

20
12. The method according to claim 9 or 10, wherein a
protrusion is formed in a wall of the mold defining
said cavity, said protrusion corresponding to a recess
which is to be formed in the integral segment-éhaft

25 structure at its outer surface portion other than two



said cavity has an internal norphology adapted for producing a hollow,

i ntegral, functional segnent-shaft structure in which at |east a part of
said functional segnent constitutes a roller. 10 16. Th i
to claim9 or 10, wherein said cavity has an internal umnﬂﬁmﬂmﬂ“
for producing a hollow, integral, functional segnent- $haPt structure 1 @
which at | east a part of said functional 1327 segnent constitutes a
roller coaxially forned with said shaft, wherein said roller satisfies t he
rel ationshi ps represented t he fornula R2/r2 =1 to 4, in which
represents the @ppaside (ﬁn‘%élﬁﬂa&qseﬁ%aﬂ?dr & & dééﬁﬁa?‘%%@%aa]né’c%r of

said shaft. 20 17. The nethod according to cla|n19 or, 10, wh relnzfald
cavity has an ||¥tr@rr41ﬁn9ﬁ3’rrﬂfot6’§yadﬂf§pt°efd%1}5‘r i FEgmsty she 1'htegral

functional segnent-shaft str ure |ch a as rt of

functional 25 STIISGHRfR |Eﬁ?t lfg’a a{-1("0{15?90 r?enacsa%?% hid
129 © shaft er I fe
groove having aade'%t%éc \A}Q)not?f]n)m agrd t%ﬁit% %%E%r%eaﬁ%%gf%‘;&gf& J?e
wherein sgid rollgrs ¥ §gléﬁiﬁﬂgﬁral segment-shaft structure, and

wherein said gate is located in said protrusion in the

wall defining the cavity and directed so that said

molten resin is injected into said cavity in a direc-

tion perpendicular to an axis of said cavity which axis
10 corresponds to the axis of said integral segment-shaft

structure to be produced.

13. The method according to claim 9 or 10, wherein
said cavity has an intd¥nal morphology adapted for

15 producing a hollow, integral, functional segment-shaft
structure in which at least a part of said functional

segment constitutes a toothed wheel.

14. The method according to claim 9 or 10, wherein

20 said cavity has én internal morphology adapted for
producing a hollow, integral, functional segment-shaft
structure in which at least a part of said functional
segment constitutes a toothed wheel coaxially formed
with said shaft, wherein said toothed wheel satisfies

25 the relationships represented by the formula Rl/rl =1



rel ati onshi ps represented by the formula r3/R3 [err] 0.5,_5 in which r3
represents the distance between the inner bottom of said groove and the

~axis of the integral segnment-shaft structure, and R3 rep m“mnm“ﬁmﬂms
of the circular cross section of the roller at a por- tiH
no groove. 10 15 20 25 S L T

128

to 5, in which Rl represents the diameter of the root
circle of said toothed wheel and rl represents the

diameter of said shaft.

5 15. The method according to claim 9 or 10, wherein
said cavity has én internal morphology adapted for
producing a hollow, integral, functional segment-shaft
structure in which at least a part of said functional
segment constitutes a roller.

10

16. The method according to claim 9 or 10, wherein
said cavity has an internal morphology adapted for
producing a hollow, integral, functional segment-shaft
structure in which at l&ast a part of said functional

15 segment constitutes a roller coaxially formed with said
shaft, wherein said roller satisfies the relationships
represented bylthé formula R2/r2 = 1 to 4, in which R2
represehts the diameter of said roller and r2 repre-
sents the diameter of said shaff.

20
17. The method according to claim 9 or 10, wherein
said cavity has an internal morphology adapted for
producing a hoilow, integral, functional segment-shaft
structure in which at least a part of said functional

25 segment constitutes a roller coaxially formed with said



10

15

20

25

AR O 0 A
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shaft, wherein said roller has on a surface thereof a
groove having a depth of not smaller than a width of
the groove, and wherein said roller satisfies the
relationships represented by the formula r3/R3 2z 0.5,
in which r3 represents the distance between the inner
bottom of said groove and the axis of the integral
segment-shaft structure, and‘R3 represents the radius
of the circular Eross section of the roller at a por-

tion thereof having no groove.



