2 4 FE B 2004 TITLE OF THE | NVENTI ON Pi nch Rol | er Apparatus, Pinch Roller
and Plain Bearing for Pinch Roller BACKGROUND OF THE INVENTION 5 Field of
the Invention The present invention relates to a pinch roller a%ﬁgfé)méf or

feeding a magnetic tape with the nagnetic tape pinched between h

roller apparatus and a capstan that is forced to rotate in a tape
recorder, a VTIRor the like, as well as to a pinch roller and a plain
bearing for the pinch roller in 10 the pinch roller apparatus. Description
of the Background Art Fig. 10 shows an exanple of a conventional pinch
rol |l er apparatus. As shown in the figure, the pinch roller apparatus 1

i ncludes a roller shaft 2, and a roller body 7 nounted around the roller

arm o, and WAL ChaHESNRNAIOR 1 Ton on the tip end oi de. and & large

di amet er porti on Rifich Meolkirdepmiratiie RinthRolledtaddPliinmBendngffot Pandnel |

di aneter pgytjon of roller shaft 2, a cap nenber 6 is attached. The plain
bearing 3 i Oﬂ;ﬂraced on a stepped portion between the 20 small dianeter
portion anBAGEGROJEND QFETHE POVENTI@N roll er shaft 2, with a resin

washer 8 i B . roller body 7 has an elastic body 13 forned of a
Bic RUBER o5 B

synthetic ru ke, and a netal sleeve 4 nounted on an inner
peri pheral surfadhepresehtintengiqrcrdlaths th3a pBickexadlet dppmratnefuydgeding

P e . : : ! ;
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sl i ppi.ng argﬁl ncgﬁg&iat ed between roller shaft 2 30 and roller body 7.

Ther éffor e, t8AEAR $T aRPAI3IUBet ween rol l er shaft 2 and roller body 7
becomes smabéRkiptidnmdf {hedBhélerranadeaf inclination of roller body 7 with

respect to roll erFng.h % tsh%i:vs-mll gxalmel%ijesoft & convenbional p()1¥1c rgﬁg{ S%SEPat%%! f-
As shown in the figure, the pinch roller apparatus 1 includes a roller shaft 2,
and a roller body 7 mounted around the roller shaft 2 with a plain bearing 3
15 interposed. '

Roller shaft 2 is held by an arm 9, and has a small diameter portion
on the tip end side, and a large diameter portion on the side of the arm 9.
At the tip end of the small diameter porticn of roller shaft 2, a cap member 6
is attached. The plain bearing 3 is placed on a stepped portion between the

20 small diameter portion and the large diameter portion of roller shaft 2, with
a resin washer 8 interposed.

The roller body 7 has an elastic body 13 formed of a synthetic rubber
or the like, and a metal sleeve 4 mounted on an inner peripheral surface of
the elastic hody 13. Sleeve 4 has an engaging portion 4a to be engaged with

25 plain bearing 3. Plain bearing 3 is fitted inside the sleeve 4. A stop
member for preventing slipping out of plain bearing 3 is attached on the
inside of sleeve 4.

In the conventional pinch roller apparatus 1, cap member 6 and stop

member 5 for preventing slipping are inccrporated between roller shaft 2

30 and roller body 7. Therefore, substantial gap D1 between roller shaft 2 and
roller body 7 becomes smaller, limiting the angle of inclination of roller body
7 with respect to roller shaft 2. This leads to a concern over decreased self-
alignment function of roller body 7.



alignment function of roller body 7. 1 2 4 FEB 2004 The sel f-alignnent
function refers to the function of adjusting parallelismbetween the core
of capstan 10 and the axis of rotation of roller body 7 by the play in the
direction of inclination of the roller body 7 with respect to théFEBIZI0r
shaft 2, so that the core of capstan 10 is nade parallel to 5 the axis of
rotation of roller body 7. Further, if the space between the roller shaft 2
and the roller body 7 is small, it beconmes difficult to increase thickness
of the cap nmenber 6. Accordingly, the force necessary to pull out the cap
menber 6 fromroller body 7 decreases, and hence it beconmes nore |ikely
that the cap menber 6 is 10 undesirably slipped out fromthe roller body 7.
The above-described problens will be nore serious as the pinch roller
apparatus 1 is reBheeelfialimiment fitretipnesders norﬂmrﬂummtlonmf athasting sol ve the
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the plain W@Paﬂ‘atltﬁebmlmdsmtﬂlee to press-fit the pI a| n bearing
The present invention was made to solve the above-described
problems. An object of the present invertion is to increase a substantial
15 space between the roller shaft and the roller body of a pinch roller
apparatus.
SUMMARY OF THE INVENTION
The pinch roller apparatus in accordance with the present invention
includes a roller shaft, a cylindrical plain bearing, and a roller body. The
20 roller body is mounted around the roller shaft with the plain bearing
interposed, and has a metal sleeve and a cylindrical elastic body fixed on an
outer peripheral surface of the sleeve. The plain bearing includes an inner
peripheral portion and an outer peripheral portion formed of a material
different from that of the inner peripheral portion, and is fixed in the sleeve.
25 In the present invention, the pinca roller refers to portions of the
pinch roller apparatus other than the roller shaft. The pinch roller in
accordance with the present invention includes the plain bearing having the
above-described structure and the roller body.
By appropriately selecting the material of the outer peripheral
30 portion of the plain bearing, it becomes possible to press-fit the plain bearing
in the metal sleeve. Accordingly, the stop member for preventing slipping
and the engaging portion shown in Fig. 10 can be omitted, enabling increase
of the substantial space between the roller shaft and the roller body. Asa
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in the netal sleeve. Accordingly, the stop nenber for preventing slipping
and the engagi ng portion shown in Fig. 10 can be omtted, enabling increase
of the substantial space between the roller shaft and the roller body- As a
2 2 4 FEB 2004 result, the self-alignnment function of the roller HodbER 84
be inmproved. If a cap nenber is to be attached at the tip en | of the
roller shaft, it is possible to increase the thickness of the cap nenber,
effectively preventing slipping of the cap nmenber out fromthe roller
shaft. Further, by appropriately 5 selecting the nmaterial of the inner

peri pheral portion of the plain bearing, friction coefficient between the
outer peripheral surface of the roller shaft and the plain bearing can be

decreased. The.inner peripheral portion is preferably inplenmented a
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peripheral HodthoOpldis Héﬁrﬁ{%gérpgéqﬁ@{@a%dy\/ith the stepped portion. Here,
by appropriately selecting the material of the inner peripheral portion,

friction coefficiche uarreppheral pospeds perieraiy amplemented byrer
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bring the ithezebyperipheral portion into sliding-contact with the resin
washer, and the appupingf WEeha%h LASN diameter portion on one end, and a large
15 diameter portion on the other end. On a stepped portion between the small
diameter portion and the large diameter portion, the plain bearing is placed.
Preferably, only the inner peripheral portion is in sliding-contact with the
stepped portion. Here, by appropriately selecting the material of the inner
peripheral portion, friction coefficient between the stepped portion and the
20 Inner peripheral portion can be decreased.
Further, as the inner peripheral portion only is in sliding-contact
with the stepped portion, variation in the amount of wear along the radial
direction of the plain bearing can be reduced as compared when both inner
and outer peripheral portions shde over the stepped portion.
25 A resin washer may be inserted between the stepped portion and the
plain bearing.
In that case, it becomes possible to bring the inner peripheral portion
into sliding-contact with the resin washer, and the amount of wear of the
inner peripheral portion can be reduced than when the inner peripheral
30 portion is in shiding-contact with the stepped portion.
The outer diameter of an end surface along the axial direction of the
inner peripheral portion of the plain bearing positioned on the side of the
large diameter portion of the roller shaft should preferably be the same or



I nner peripheral portion can be reduced than when the inner peripheral 30
portion is in sliding-contact with the stepped portion. The pé&tF&B Mianet er
of an end surface along the axial direction of the inner peripheral
portion of the plain bearing positioned on the side of the |arge dianeter
portion of the roller shaft should preferably be the same or 3 2 4 FEB 2004
| arger than the dianmeter of the large dianmeter portion of that portion on
which the plain bearing is placed. In this case also, it becones possible
to bring only the inner peripheral portion of the plain bearing into
sliding-contact wwth the surface 5 of the stepped portion of the roller
shaft, and the friction coefficient between the surface of the stepped
portlon and the plain bearing can be decreased. Further, as the inner
per i pher al larger tdj!ranoﬁhwdmasnehersﬂfrthe hergectinactedpottiomef tlsatemmlsbrpmt i on,
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15 of the washer.

Accordingly, it becomes possible to bring the inner peripheral
portion into sliding-contact with the resin washer, and the amount of wear
of the inner peripheral portion can be reduced than when the inner
peripheral portion is in sliding-contact with the stepped portion.

20 Preferably, the thickness at an end surface in the axial direction of
the inner peripheral portion positioned on the side of the large diameter
portion is larger than the thickness of a central portion along the axial
direction of the inner peripheral portion, and the thickness at an end surface
along the axial direction of the outer peripheral portion positioned on the

25 side of the large diameter portion is smaller than the thickness of the central
portion along the axial direction of the outer peripheral portion.

By increasing the thickness of the inner peripheral portion at the
end surface along the axial direction in this manner, it becomes possible to
bring the inner peripheral portion only into sliding-contact with the roller

30 shaft or the washer, attaining the above described effects. By increasing
the thickness of the central portion along the axial direction of the outer
peripheral portion, it is possible to increase press-fitting strength of the
plain bearing.



By increasing the thickness of the inner peripheral portion at the end
surface along the axial direction in this manner, it becones poiiiPkg ﬁﬁ
bring the inner peripheral portion only into sliding-contact wt !
roller 30 shaft or the washer, attaining the above described effects. By

i ncreasing the thickness of the central portion along the axial direction
of the outer peripheral portion, it is possible to increase press-fitting
strength of the plain bearing. 4 2 4 F E 8 2004 Preferably, the thickness
at the end surface along the axial direction of the inner peripheral
portion positioned on the side of the large dianeter portion is |arger
than the thickness at the end surface along the axial direction of the

out er peripheral porti positigned on i he side_of the |arge. i anmet er
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pl ain bearing,, 15 a thickness at_ t entral porfion alg axi al
di rection deArME amichengsdtipRessipleforhiing the ipner perphoralportigstord¥ and at
nost 80% oﬁng&gj&mgc@gggt with tHierdiRptshalft #OfHd @asBePNg the axial direction
of U PLan besrie THE Lventer ol R Brererh.d frent oty foun (het
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fricti on céebkflargedianmetieh poiigon iopteferaipfat leart 409¢ nodsd mostt H% of the
press-fitting)dsE '%.qttﬂeie?ltdos&ljfgcesé\l%ﬁﬁqhgagﬁigledirgpcri(% Bethe plain bearing,
15 and the thickness at the central portion along the axial direction of the inner
peripheral portion is preferably at least 3% and at most 80% of the thickness
at the central portion along the axial direction of the plain bearing.
The inventor of the present invention has found that the ratio of the
inner peripheral portion of the plain bearing within the above described
20 range enables provision of a plain bearing having particular characteristics
required for the pinch roller apparatus. More specifically, it has been
found that a plain bearing enabling decrease in friction coefficient with the
roller shaft and increase in the press-fitting strength into the sleeve can be
obtained.
25 The plain bearing may have such a shape in that the inner
peripheral portion protrudes along the axial direction at the end surface
along the axial direction. In that case, only the inner peripheral portion
can be brought into sliding-contact with the stepped portion or the washer,
even when the outer diameter at the end surface along the axial direction of
30 the inner peripheral portion is smaller than the diameter of the large
diameter portion or the outer diameter of the washer.
When the innex peripheral portion is formed of a resin and the outer
peripheral portion is formed of a metal, the plain bearing can be formed by
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25 The plain bearing may have such a shape in that the inner peripheral
portion protrudes along the axial direction at the end surfacg rf%Jong t he
axial direction. In that case, only the inner peripheral port é

brought into sliding-contact with the stepped portion or the washer, even
when the outer dianeter at the end surface al ong the axi al direction of 30
the i nner peripheral portionis smaller than the dianmeter of the |arge

di aneter portion or the outer dianmeter of the washer. \Wen the inner

peri pheral portion is forned of a resin and the outer peripheral portion
Is formed of a netal, the plain bearing can be fornmed by 5 2 4 FEB 2004
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direction o
15 strength between the inner peripheral portion and the outer peripheral

portion in the radial direction of the plain bearing can also be improved.

Preferably, the inner peripheral portion has an engaging portion
extending along the axial direction of the inner peripheral portion and
engages with the outer peripheral portion in the radial direction of the inner

20 peripheral portion.

This further improves junction strength between the inner
peripheral portion and the outer peripheral portion in the radial direction of
the plain bearing.

When the outer peripheral portion is formed of a sintered metal,

25 metal powder for forming the outer peripheral portion should preferably
have the grain diameter that can pass through a sieve whose opening is in
the range of 60 meshes to 300 meshes (the maximum grain diameter i1s at
least about 50 pm and at most about 250 pm).

Thus, the surface of the outer peripheral portion can be made rough,

30 while maintaining shape retention at the time of forming or molding the
outer peripheral portion. As the surface of the outer peripheral portion is
made rough, junction strength between the inner and outer peripheral

portions can be improved.



the plain bearing. Wen the outer peripheral portion is forned EFF ;
sintered netal, 25 netal powder for form ng the outer peripher ggﬂmqon
shoul d preferably have the grain dianmeter that can pass through a sieve
whose opening is in the range of 60 neshes to 300 neshes (the maxi num
grain diameter is at |east about 50 gm and at nost about 250 gn). Thus,
the surface of the outer peripheral portion can be nmade rough, 30 while
mai nt ai ni ng shape retention at the tine of formng or nolding the outer
peri pheral portion. As the surface of the outer peripheral portion is nade
rough, junction strength between the inner and outer peripheral portions
can be inproved. 6 2 4 FEB 2004 When the inner peripheral portion is forned
of resin, preferably, the inner E@rlpheral portlon is formed of at | east
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portion.

he

By providing the tapered portion on the outer peripheral surface of

the outer peripheral portion, the operation of press-fitting the plain bearing
15 1s facilitated.

Further, it is preferable to form a recessed portion extending in the
axial direction on the outer peripheral suxface of the outer peripheral
portion.

This ensures press-fit fixing of the plain bearing in the sleeve and, in

20 addition, suppresses deformation of the sleeve when the plain bearnng is
press-fit.

The plain bearing for the pinch rollex in accordance with the present
invention includes an inner peripheral portion and an outer peripheral
portion formed of a material different from that of the inner peripheral

25 portion, and has a cylindrical shape. According to an aspect, the thickness
of the inner peripheral portion at least at one end surface along the axial
direction is larger than the thickness at the central portion along the axial
direction of the inner peripheral portion, and the thickness of the outer
peripheral portion of the aforementioned end surface is smaller than the

30 thickness at the central portion along the axial direction of the outer
peripheral portion.

According to another aspect, the thickness of the inner peripheral
portion at least at one end surface along the axial direction is larger than the
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press-fit. The plain bearing for the pinch roller in accordanﬁelbafiﬂ] z he
present invention includes an inner peripheral portion and a 0

peri pheral portion forned of a material different fromthat of the inner
peri pheral 25 portion, and has a cylindrical shape. According to an aspect,
the thickness of the inner peripheral portion at |east at one end surface
along the axial direction is larger than the thickness at the central
portion along the axial direction of the inner peripheral portion, and the
t hi ckness of the outer peripheral portion of the aforenentioned end
surface is smaller than the 30 thickness at the central portion along the
axial direction of the outer peripheral portion. According to another
aspect, the thjickness of the inner peripheral portion at |east at one end
surface al ofjcknessaofitiie aliterperipheral pautiper at tementeurfazed FEB 2004
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surface al ong the ' | ' e pl ain bearning. C i.n , only
the inner peri phe‘?\g@rg%‘%éjuk%ﬁ%&%ﬂb’éﬁﬁ_%5%‘?%{8’ ﬁlnet ].bang Iqeaﬁ?§%5%§§_&lgé\%’t h the
r ol | etV shaf xollexteascty ihnéxpénphexalfrfortionnirots dederedretheenrter periphedakr eased
According ¢ Goidict hldng!tHel d1GE 35REGbn 46160 RLA S PEAT ARG 1181 BixBEHon
roll er has recessed portion extengl ng al ong e axiaP direc I on, on the
out er peri%n laim bpaEi@Bof the outer peripheral portion.

Accordingly, only the inner peripheral portion can be brought into

sliding-contact with the roller shaft, whereby friction coefficient
15 therebetween can be decreased.

According to a still further aspect, the plain bearing for the pinch
roller has a recessed portion extending along the axial direction, on the outer
peripheral surface of the outer peripheral portion.

Accordingly, it becomes possible to surely press-fit and fix the plain

20 bearing in the sleeve, and deformation of the sleeve when the plain bearing
1s press-fit can be suppressed.

According to a still further aspect, the pinch roller apparatus
includes a roller shaft, a cylindrical plain bearing, and a roller body
mounted around the roller shaft with the plain bearing interposed, and

25 having a sleeve and a cylindrical elastic body fixed on the outer peripheral
surface of the sleeve. The plain bearing includes an inner peripheral
portion formed of resin and an outer peripheral portion formed of a filled
synthetic resin, and is fixed in the sleeve.

According to a still further aspect, the pinch roller includes a roller

30 body having a metal sleeve and a cylindrical elastic body fixed on an outer
peripheral surface of the sleeve, and a cylindrical plain bearing. The plain
bearing includes an inner peripheral portion formed of resin and an outer
peripheral portion formed of a filled synthetic resin, and is fixed in the
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Accordingly, it becones possible to surely press-fit and fix the plain 20
bearing in the sleeve, and deformation of the sleeve when the plain bearing
is press-fit can be suppressed. According to a still further aspe@t, FkBn204
pinch roller apparatus includes a roller shaft, a cylindrical plain
bearing, and a roller body nounted around the roller shaft with the plain
bearing interposed, and 25 having a sleeve and a cylindrical elastic body
fixed on the outer peripheral surface of the sleeve. The plain bearing

i ncl udes an inner peripheral portion formed of resin and an outer

peri pheral portion formed of a filled synthetic resin, and is fixed in the
sl eeve. According to a still further aspect, the pinch roller includes a
roller 30 body having a netal sleeve and a cylindrical elastic body fixed
on an out esleeperi pheral surface of the sleeve, and a cylindrical plain

beari ng. The pl ai earing i.nel s_an_inngr r.ipheral portion f.ornmed of

resiln gnd an gutlé COIMEIB%%SI&?EB‘E&?‘FB&SE%%@F gfmlﬁ%eiaﬂr&if%g}hl?%wll resin,

and is fi ﬁmileirri_mhei@ @n mﬂérEaBpéZﬂﬁherﬂlqm\ta'F?ﬂﬁmbd:olﬁgesiﬁ aldshhldutéflrt her

aspect, t [t n oller lL.ncludes an hLntekrn

pzlroi pher al ﬁ%@#?%gﬁb@gﬁr@g&%ﬁﬁd eés}‘iaanmalﬁgEgﬁﬁéet}%celfesnﬂ)’e?ril%ﬁﬁﬁ Cyé%}(ﬁ?cc?ﬁ f or med

of a Bill e@i’l%@&}t hetic resin, and has a cylindrical 5 shape. The foregoing
d oth bj ect f :

vention wi il bacons e sp@RBe SpREE FURREAEDeRs shP3DRGRRRS of

descri pti ofOPIEIFET pReaRiAen P‘Hﬁiﬁpﬂm TAAEH2R RALER ifmfédgje deltewing qetepledhe

acconpanyi dgscHptid s thd PréfRnfin ESEH RN Men i JAFAME NS whitBthd 1S a

cross sectional _view of the gi nch roller apparatus in accordance with the
present i nGERNPRAYEELIVINESy cr 0ss sectional view of the plain bearing in
accol@anceBRIEIMDERCRIPTEON OfVEHE DRAWINEIY. 3 is an enlarged cross
sectional view oi;-é t‘he area 11 sho I.n Fiigt' 2.. .
1g. I"1s7a ¢ross sectional view of'the pinch roller apparatus in
accordance with the present invention.
Fig. 2 is a cross sectional view of the plain bearing in accordance
with the present invention.

15 Fig. 3 1is an enlarged cross sectional view of the area 11 shown in Fig.

Figs. 4 to 7 are cross sectional views of the first to fourth
modifications of the plain bearing in accordance with the present invention.
Fig. 8 is a plan view of the plain bearing in accordance with the
20 present invention.
Fig. 9is a cross sectional view showing the pinch roller in accordance
with the present invention.
Fig. 10 is a cross sectional view of a conventional pinch roller
apparatus.
25 DESCRIPTION OF THE PREFERRED EMBODIMENTS
In the following, embodiments of the present invention will be
described with reference to Figs. 1to 9. Fig. 11is a cross sectional view
showing the pinch roller apparatus 1 in accordance with one embodiment of
the present invention, and Fig. 9 is a cross sectional view showing the pinch
30 roller 14 of Fig. 1.
As can be seen from Fig. 1, pinch roller apparatus 1 includes a roller
shaft 2, a cylindrical plain bearing 3, a cap member 6, a roller body 7 and a
washer 8.



Figs. 4 to 7 are cross sectional views of the first to fourth

nodi fi cations of the plain bearing in accordance with the present ) 2004
invention. Fig. 8 is a plan view of the plain bearing in accordance V\lﬂlt:l:hB
the 20 present invention. Fig. 9 is a cross sectional View show ng the
pinch roller in accordance wth the present invention. Fig. 10 is a cross
sectional view of a conventional pinch roller apparatus. 25 DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS In the foll ow ng, enbodi nents of the present
invention will be described with reference to Figs. | to 9. Fig. I is a
cross sectional view showi ng the pinch roller apparatus 1 in accordance
with one enbodi nent of the present invention, and Fig. 9 is a cross
sectional View showing the pinch 30 roller 14 of Fig- 1. As can be seen
fromFig. 1, pinchhe collexrshafpariathiedd by ianchrides aﬁndlﬁ?hé grsm gl @dmatera

| i ndri cal alin.b [ 3 6 I h
o o 2arca At ¥ B et Se Apa3laTEr drimete o dion on Bikdih of the Brm "'
di gmet fert hp‘biraisbepraatd poxtiom 2abetween ahn:lsmalllamb m@he&l]:i;aﬁrabnmrd ihnlaxget he

e o ¢ etween
;S)Iortlon angh?'h{@t? Poﬁﬁo Ui aﬁﬁfgggnﬂ Bllsfprla%(?da ‘5885??1}} eg% %F%%%geé
nmenberd 6 i sthattlllaenéd)faheSmaibdlamemmomtmnheTshﬂxtap m@amlm&rens fpomedofor The

cap menber cﬁx%gﬁ@hnﬁfla s?ﬁfh%f‘fr‘a‘?é@h ncfPfa thch¥ RQ%& éiﬁﬁ@%fﬁﬂggn?ﬁ%“hed to

~the tip en | anet er por ely) ody 7 is
nmount ed ar cﬁdﬁﬂlf{t%wmmébyi&m 2 with plain bearing 3 interposed. Roller

body 7 has a met aﬂolfé ?ﬂlsaﬁ‘auﬁt@d/hi'dlﬁ{dﬂ?é r@l ASH Bt 236911:9 @éﬁn]@ezﬁ% d of
a synt heti % bber gﬂgl | ik on n_ outer r rface of

sl eeve 4. P HIWRREEML n ﬁﬁérmﬁ isherteat aﬁgr aghit er

per i pier al bndtﬁl&fbrﬂ{echoﬂmbﬁtﬁﬁ}ﬁincdiufnfn@f ofthé like) Hikad oﬁfari bﬁtdrﬁﬁﬁipheral

peri pher al Sup%?rt | qnsleeav%dzlf I xed in the sleeve 4. The inner peripheral

portion is ace o
Plain bearing 3 has an inner peripheral portion and an outer

peripheral portion of a material different from that of the inner peripheral
portion, and fixed in the sleeve 4. The inner peripheral portion is

15 implemented by a member having slidability over roller shaft 2, and the
outer peripheral portion is implemented by a member that holds the inner
peripheral portion and can be fixed on slesve 4. The material of the inner
peripheral portion may be resin or the like, and the material of the cuter
peripheral portion may be ceramics, filled synthetic resin (for example, glass

20 fiber filled polyacetal) or the like.

In the example shown in Fig. 1, plain bearing 3 includes an annular
resin portion 3a positioned on the inner peripheral side, and an annular
metal portion 3b positioned on an outer peripheral side. The inner
peripheral surface of plain bearing 3 is formed of a resin portion 3a, and the

25 outer peripheral portion of plain bearing 3 is formed of a metal portion 3b.
It should be noted, however, that at least part of the outer peripheral surface
of plain bearing 3 might be formed by the metal portion 3b.

As at least a part of the outer peripheral surface of plain bearing 3 is
formed by the metal portion 3b, it becomes possible to press-fit and fix the

30 plain bearing 3 in a metal sleeve 4, which will be described later, as shown
in Fig. 9. Accordingly, the stop member 5 for preventing slipping out and
an engaging portion 4a protruding inward from the inner peripheral surface
from the sleeve 4, shown in Fig. 10, can be omitted. Thus, substantial
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15 inplemented by a nenber having slidability over roller shaft 2, and the
outer peripheral portion is inplenmented by a nenber that holdssz@BﬂﬂHer
peri pheral portion and can be fixed on sleeve 4. The nmaterial of the inner
peri pheral portion rmay be resin or the like, and the nmaterial of the outer
peri pheral portion may be ceramcs, filled synthetic resin (for exanple,
glass 20 fiber filled polyacetal) or the like. In the exanple shown in
Fig. 1, plain bearing 3 includes an annular resin portion 3a positioned on
t he i nner peripheral side, and an annular netal portion 3b positioned on
an outer peripheral side. The inner peripheral surface of plain bearing 3
is formed of a resin portion 3a, and the 25 outer peripheral portion of
plain bearing 3 is fornmed of a netal portion 3b. It should be noted,

hovever, t ép]@pgﬂv??e%ﬁ tp@f%ﬂ&f%}fﬁFZQﬂ{ffhéafJﬂeqkb%d@7 5.’1’15 fb@(iﬁcre% el ain

bearing 3 g I'east a part of
the outer periph&rgth %lijraﬁat&lé s6P premhepédrecames urmeCﬁa&ar@dthg/cmst@amebal

portion 3byedfcdieGREESs ﬂpégﬂﬁala;}&saﬁggggf%esg&gﬂaﬁbmbeéem@ha' n bearing

3in a metal sleéve 4, whi ater, as sh n Fig. 9.
Accor di ngl }m“teﬁ%SS@terﬂ%ﬁan%Ctﬁwg)ﬁWéman simpgied out and an engagi ng

portign 4a protr Mr&amm@rﬁ srpcim}i Pﬁléﬁi@ax@%ﬁs Bdyes %J;rtng%f, gﬁ%el% githE 33004

sl eeve 4, shovinél ﬂ ﬂ, g om.tt

space betw88R PAsbrym & drpust ﬁ(fttlﬁ%StrQ)I”é?moo WESEREr eased.
Furt her, amwrzdnﬂzléli @s)apﬂi@@to ﬂl@pgmlfﬁoummqﬁﬁ&aws/,thb fgapcmtof@%s emr educed,
and as the s es -f t he st nme beconmgs a

t he manuf a&? %eg a:¢1}uﬁ ga%f}?atl@@_a_ 3F r@?ﬁﬁfﬂl@' IF}HI ﬁ?,ﬁyrol | er
appar at us ﬁmambe umqiarﬁd rsamiaraged, had lgarel]Shbgmmient Bugetidn nﬁthe batleat

| eastyg0. 17y, RE R nt invention is applied to the pinch roller
apparatus gap Eé 69%§ coul d be ensured. This neans that the

angul ar r ange in A«Nhﬂﬁﬂhﬂtaé‘@l&baﬂgﬂe retoeaenbide rodleir sbafti 3 andl thegedlerand
hence sel f 1Lah gnERLrd4seat it%c@ﬁnés%ssﬂﬂé %?1 incréabo e Zhl%ﬁﬂeg)seof 13i] d. As

t he substantial space hetwee er.s and t roller 71s

i ncr eased, MYMBEE §ratéa bt FBEI ‘Pfel'a%]@tsﬁiéﬁt% c’ﬁh@gefom at}r‘?égﬁg‘pr

becomes necessary to pull out the cap member 6, and hence slipping out of
15 the cap member 6 from the roller shaft 2 can effectively be prevented.
When the inner peripheral surface of plain bearing 3 is formed by a
resin portion 3a, it becomes possible to bring the resin portion 3a only to
sliding-contact with the outer peripheral surface of roller shaft 2. Thus,
friction coefficient between the outer peripheral surface of roller shaft 2 and

20 plain bearing 3 can be decreased.

Washer 8 is formed of resin, and inserted between the plain bearing
3 and the stepped portion 2a of roller shaft 2. Therefore, direct sliding-
contact between plain bearing 3 and stepped portion 2a can be prevented,
whereby the amount of wear of plain bearing can be reduced.

25 In the pinch roller apparatus 1 having the above described structure,
arm 9 is driven so that roller body 7 together with roller shaft 2 are moved
toward a capstan 10, and a tape is pinched between the roller body 7 and
capstan 10. At this time, as the substantial space between roller shaft 2
and roller body 7 has been increased as described above, the self alignment

30 function of roller body 7 can be improved, so that the roller body 7 can better
follow the capstan 10. This ensures running stability of the tape.

The structure of plain bearing 3 in accordance with the present
invention will be described in detail with reference to Figs. 2 to 8.
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menber 6 attached at the tip end of roller shaft 2. Therefore, a large
force becones necessary to pull out the cap nenber 6, and hence sli pping
out of 15 the cap nmenber 6 fromthe roller shaft 2 can effectively P?FEB ng

prevented. Wien the inner peripheral surface of plain bearing 3 is"forne
by a resin portion 3a, it becones possible to bring the resin portion 3a
only to sliding-contact wiwth the outer peripheral surface of roller shaft
2 Thus, friction coefficient between the outer peripheral surface of
roller shaft 2 and 20 plain bearing 3 can be decreased. Washer 8 is forned
of resin, and inserted between the plain bearing 3 and the stepped portion
2a of roller shaft 2. Therefore, direct sliding- contact between plain
bearing 3 and stepped portion 2a can be prevented, whereby the anmount of

wear of plain bedfign® shamshen eesingde of e pluih heapinpCh in akt@idaneparighus 1
havi ng t he R%boﬁ\%ersgﬁ crl b d strzzijsdturﬁﬁ\%%a;ﬁrln]El m{éjg&%ggﬁ%@gm goll r body
7 together °t t ape
i's pinched metadqmrtltohe% atd pinbdeythowtnising apst @adhcsdve Mercbebweéene, Ags the
hor cased dURHROt L GBUVEL eanaBitarr ot vSb HedRateeh of PSR body
7 can dbe i rhpeowei3 o£¢htd1anpetdm1 beofdreredbylyn fre amldirig.er  fol | ow the capstan
10. This ensures C‘nglfpggllp_hgtaylsqf Eehf%rﬁ?eﬂeo : rﬂ’r{q‘i&% gti)sf pl ai n

bearing 3 in acc Sent hvemnt escribed in
detai |l wit rpne&re'ﬁértbet the Furface p m:etel portion 3b mnfatE Burdosorhgt theshows an

exanpl e of ﬂb@‘s’ln?@?éde@gecﬁpbﬁnﬁ?sc&{ %Qﬁrﬂgbé Bf g{ebc%l ﬁ&ﬁﬁ&‘i‘%b' AVt 1 on.

As can be seen | ure resin ortion ortion 3b_are
j oi ned V\ntﬁé‘iﬁ‘te ﬁbhaﬁyara@ﬁ@%nwrtlﬁeﬁ@b%@w@ﬁm%@l ppﬂéﬁ)l&éh@@%‘é@l@ned

?hm ttltsaﬂ t heg fva&.teuaﬁdgﬂ;rﬁfgséﬁ‘@@n foefHig g\%‘i‘;laﬁf‘]@ed}hb akn b%rﬁes%&t ngt 3 gf
|1 S ype can r | nser 1.N In earin IS (0] e
for med by mgkf{lgnﬁ} Phenting 3 cAbe frdned Rath Pigh BEctigion o KoY &pSt.
port |h on 3bf i s nmadgs sbo@h insoigt Pamethleportigi Bb hlagwsprdttededpesiied 3pdrti ons
on the surfac

ot e s R fed TP R e EatiS Biabilfin of nitabb oSt ahe ot wald "

anchori ng efréeastsed pprfionn3id nphaamrobteaf thegp Stbydingsporttion 3b3. The

15 protruding portion 3b3 has a surface portion 3b2 extending inward in the
radial direction of metal portion 3b. On the surface portion 3b2, a
protruding portion 3al of the resin portion 3a extends. The protruding
portion 3al protrudes outward in the radial direction of resin portion 3a,
from the outer peripheral surface of resin portion 3a.

20 By the provision of the surface portion 3b2 as described above, it
becomes possible to effectively suppress peeling of the resin portion 3a
resulting from shrinkage of resin portion 3a at the time of curing and, in
addition, it becomes possible to improve junction strength between the resin
portion 3a and metal portion 3b in the radial direction of the plain bearing 3.

25 Further, as metal portion 3b is provided with a waist 3b4, it is
possible to pour the resin into the waist 3b4. Accordingly, it becomes
possible to form an engaging portion 3a2 extending in the axial direction of
plain bearing 3 and engaging with the metal portion 3b in the radial
direction of plain bearing 3. By the provision of engaging portion 3a2,

30 stronger fixing of resin portion 3a and metal portion 3b in the radial
direction of plain bearing 3 becomes possible.

The material of metal portion 3b may be a copper based sintered
material or a copper alloy such as brass.
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nmol ding, the plain bearing 3 can be formed with high precision at a | ow
cost. As shown in Fig. 2, netal portion 3b has a protruded portion 3b3
protruded inward in the radial direction of nmetal portion 3b, and a Wﬁ?@fﬂm‘
(recessed portion) 3b4 near a root of the protruding portion 3b3. T%e
protrudi ng portion 3b3 has a surface portion 3b2 extending inward in the
radial direction of nmetal portion 3b. On the surface portion 3b2, a
protrudi ng portion 3al of the resin portion 3a extends- The protruding
portion 3al protrudes outward in the radial direction of resin portion 3a,
fromthe outer peripheral surface of resin portion 3a. 20 By the provision
of the surface portion 3b2 as described above, it becones possible to
effectively suppress peeling of the resin portion 3a resulting from
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ghape retention when the metal portion 3b is molded.

15 The resin portion 3a 1s formed of at least one material selected from
the group including fluoropolymer, polyamide, polyacetal, polyethylene and
polyethersulfone. When such a material is used for the resin portion 3a,
not only the lubricating properties but also durability of plain bearing can be
improved.

20 As shown in Fig. 2, an outer diameter d2 at an end surface along the
axial direction of resin portion 3a at the portion where plain bearing 3 1s
positioned is, preferably, the same as or larger than the diameter d1 of the
larger diameter portion of roller shaft 2. Thus, it becomes possible to bring
only the resin portion 3a of plain bearing 3 into sliding-contact with the

25 surface of stepped portion 2a of roller shaft 2. Therefore, as compared with
the sliding-contact of both the resin portion 3a and metal portion 3b with the
stepped portion 2a, friction coefficient between roller shaft 2 and plain
bearing 3 can be reduced. Further, as the resin portion 3a only can be
brought into sliding-contact with the stepped portion 2a, variation in the

30 amount of wear in the radial direction of plain bearing 3 can also be reduced.

In the example shown in Fig. 2, a resin washer 8 is inserted between
stepped portion 2a and plain bearing 3. Here, the outer diameter t2 at the
end surface along the axial direction of resin portion 3a positioned on the
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di aneter that can pass through a sieve whose opening is in the range of 60
10 neshes to 300 neshes (the maxi num grain diameter should be at | qﬁE% 2004
about 50 Am and at nost about 250 n). More preferably, the netal 80 q
has the grain dianmeter that can pass through a sieve of 100 neshes. Thus,
the surface of netal portion 3b can be nade rough, while maintaining shape
retention when the netal portion 3b is nolded. 15 The resin portion 3a is
formed of at |east one naterial selected from the group including

fl uoropol yner, pol yam de, pol yacetal, polyethylene and polyethersulfone.
When such a material is used for the resin portion 3a, not only the

| ubricating properties but also durability of plain bearing can be

i mproved. 20 As shown in Fig. 2, an outer dianmeter d2 at an end surface

along the sidé of lqligealihin@Be0poftesi s fedte@RodR thle ddife BONAILRE thAAM P! ai n
bearing 3 is p S|t|€ne®e|ts gﬁgfgrably, the sane as or larger than the
di amet er dI9WF ﬁf?eme e dept Washet &r portion of roller shaft 2. Thus, it
beconmes possi bl e Tloudyrit bgcomes yosdible wshring ehé resin3sortfonpd @imtohdalingg 3

[ l'i di ng- ith the 2 f f Fon.2 . I

shart 2. ToPoRar G e bl atRer B, 2AAR8 A F HFRESCRRE b PERR BsRHOPI 1 esi n
portidn 3a camdbere¢dicepahianowhah thietriesinhportsirePpeslirp divec Dsli@mg-daritati on
coeffi ci entw{l tt‘?ﬁ%eﬁﬁ%%f}{nrﬁ&?gﬁ. 2 and plain bearing 3 can be reduced.

Further, as e resi Ion"3a only can be brought into sliding-contact

with the stepped Ppartheontheahickndssttilot the aidesi8dacealong thie amaal diractioe
radi al diregtd ' ' ; ge4n anpl e
shown in Fiedghjegi,}1 gérrtgil??lg\}glaagﬁ{edrd% ﬁ%g‘?ﬁf‘gﬁgé?ﬁgﬂn s%tggglggﬁgﬁdtfi on 2a
and pl ai n DéHer shafh 2 ielarger hhan fhethiskaess 6 at shecentral perdor alengtha ong
t_hg aK% a: Oh}ﬁﬁgﬁir@@tti@ﬁ of?éé{i_ﬂ ﬂ&tﬁoh%,%@g{dogﬁé ﬂhglﬂ@ﬁ]s% dthehe eri&su?f%g?ﬁoo‘l
side o arge dianeter. portion js se]ecte 0 be the sang or. ] arger an
The. out er HPaRdRBASH GRqEEh et MetaReRion $5 BaSHRRE L Ch Fdets 1B ng t he
resin portilapg@didmeétergortionds sanilerahawi thie thivknedsitd avahbeentral podtidbhe
anount of ar ?l{i'l r esi ndigorttion 3a ?_g can bg, reduced than when the resin
portion 3a gng ai"‘\"é%]t 5 b‘?rha’f%‘i RYFUGK % t he st epped portion 2a.

As the thickness t1 1s increased as described above, it becomes

15 possible to bring the resin portion 3a only into sliding-contact with the
stepped portion 2a of roller shaft 2 or with the washer 8, and the above
described effect can be attained. Further, as the thickness t4 at the central
portion along the axial direction of metal portion 3b is increased, press-
fitting strength of plain bearing 3 can be increased.

20 Further, the thickness t1 at the end surface along the axial direction
of resin portion 3a positioned on the side of the large diameter portion of
roller shaft 2 is made larger than the thickness t3 at the end surface along
the axial direction of metal portion 3b positioned on the side of the large
diameter portion, and the thickness t2 at the central portion along the axial

25 direction of resin portion 3a is made smaller than the thickness t4 at the
central portion along the axial direction of metal portion 3b.

More specifically, the thickness t1 at the end surface along the axial
direction of resin portion 3a positioned on the side of the large diameter
portion is set to be at least 40% and at most 100% (more preferably, at least

30 50% and at most 90%) of the thickness t5 at the end surface along the axial
direction of plain bearing 3, and the thickness t2 at the central portion along
the axial direction of resin portion 3ais set to be at least 3% and at most 80%
(movre preferably, at least 10% and at most 50%) of the thickness t6 at the

-14 -



Further, the thickness t1 at the end surface al ong the axial dirECti'kﬁfg
resin portion 3a positioned on the side of the large dianeter portio 2004
roller shaft 2 is larger than the thickness t2 at the central portion al ong
the 10 axial direction of resin portion 3a, and the thickness t3 at the end
surface along the axial direction of netal portion 3b positioned on the
side of the Ilarge dianeter portion is snmaller than the thickness t4 at the
central portion along the axial direction of nmetal portion 3b. As the
thickness t1 is increased as described above, it becones 15 possible to
bring the resin portion 3a only into sliding-contact wwth the stepped
portion 2a of roller shaft 2 or with the washer 8, and the above described
effect can be attained. Further, as the thickness t4 at the central portion
al ong the aendtaldioreion alongftheeidhl gioettionoBpldia beaehnnseand phess- fitting
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made | ar ger bttgﬁfbc# he thickness t3 at the end surface along the axial

direction portion 3b positioned on the side of the |arge dianeter
porti oh, and t he The skewfis examytles hbtheetitickhesses tl dn talamdputer daadnateras

direction qfy éﬁ&'t?‘ aPQ’éE'f&Wo@@ 'B @QfoPEE?Aﬂlﬁie Ep@’%h{&?legg'kf%@%si thih,ah the

central portlon a % axial “direct
speci fical 1%0 35|émtnh %Rﬁ@s%nin} t4 1% 68 epy téuﬁflab’énamoﬁgdttﬁede%mm

direction dfufi@sir nbp@faty QETeﬁﬁnBES thé 906d @antdier gcg}‘i?né%fer)t di!flalf mglglnﬁ haget er
o (nmore preferably, at

portlonls et to%g 8§ g 0% and at nost 10

| east 30 5 ea‘?ﬁ‘ifeé ‘?\%’@Feb 94'S 83 ¥R t hi ckness t5 at the end surface al ong

t he aMliaI di rect?@@heﬁvnﬁlnal?‘rg Q‘?&Wa@@r(ﬁi paml?ri BBlh@p@&ﬁdé& ohgaxﬁbuté‘le ]

central port a t eaX| ection r rtion 3a,i s set to e
ot | east " 308 Sxnon el Hetacgugt s PG afRpe G PuBlRireghonas st

509 of thepadticak8lessThe taperdrchpeﬁnmmm Ffﬁlm sueht thalt therdiaoretet oﬁg t he

axi al directy nl_ad ri | i ed by

fhe meta  preh bSaule?) b et Bloar 0, LG s R A0 pE bkl BREBUR T, O

char act er i skliagw besriggstr i Asdhaltaperedaporition sa nmjflded on the outer

15 peripheral surface of metal portion 3b, press-fitting operation of plain
bearing 3 into the sleeve 4 1s facilitated.

Modifications of plain bearing 3 will be described with reference to
Figs. 4to 7. Figs. 4 to 7 are cross sectional views representing
modifications of the plain bearing 3.

20 The end surface along the axial direction of plain bearing 3 may be
formed only by the resin portion 3a, as skown in Fig. 4. In this case, long
surface portion 3b2 of metal portion 3b is ensured, whereby peeling of resin
portion 3a can effectively be prevented.

The plain bearing 3 having such a structure as shown in Fig. 4 may

25 be formed by insert molding. Forming in accordance with the following
method, however, is also possible. Namely, the metal portion 3b is dipped
in a melt resin so that the resin adheres on the surface of metal portion 3b,
the resin is cured, and the resin on the outer peripheral surface of metal
portion 3b is removed, whereby the plain bearing 3 is formed.

30 Alternatively, only the outer diameter d2 of resin portion 3a at one
end surface along the axial direction of plain bearing 3 may be increased, as
shown in Fig. 5. In this case also, the surface portion 3b2 of metal portion
3b is ensured, and therefore the plain bearing 3 can be formed by insert
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5 The specific exanples of the thicknesses t1 to t6 and outer diameters t1
and t2 are as follows. By way of exanple, the thickness t1l |24) E@ mm t2
is 0.35mMmm t3is 0.3 M t4is 0.9 Mm t5is 1.17 mm and t g 66
Further, by way of exanple, the outer diameter (dianmeter) dl is 2.4 nm and
the outer dianmeter d2 is 3.3 nm 10 As shown in Fig. 2, a tapered portion
3b 1 is provided on an outer peripheral surface near the end portion al ong
the axial direction of netal portion 3b. The tapered portion 3bl is

i nclined such that the dianeter of plain bearing 3 is reduced toward the
end surface along the axial direction of plain bearing 3. As the tapered
portion 3b 1 is provided on the outer 15 peripheral surface of netal
portion 3b, press-fitting operation of plain bearing 3 into the sleeve 4

is facilitaiRehngVbdriithat fthotathd af Mebslopdritibn33Michh brandRsEeADEEest t h
referenceﬁ . Figs. 4 t%&i F gs.. 4 .to 7 are cross sectional views
representi gfmgrﬁ eneth %mo#’ AMRE 3 HPOUAPTRER. 20 The end surface

al ong the axial ®ultidr, ORe @ésiBlRirfioReRd Iy Fe PRotrided bliEthoakinl by the
resin portiyon 3a, Sls'h wWn i n EI ﬁf | R thfs case ]laon . Surface rtion
362 of ' met SFCREPRIOORISE bearing dr bt and suyiseatong the axialidreciion fon 3
can ebf ect pleehybeaeims ByantkewnThd'igl i nThéamakes3t paysible toushng ther uct ure
as shown i | Q. 25 be for i.nsent i For.m '

accor dancep%ﬁlﬁmtrﬁigﬁ?yoq ?%% 1%30 Sﬁg{r{'ﬁ%ﬁ&%ﬁgﬁew\l/{el} tﬂ?é&gﬁgg pr%élgb bnzlgaewl\larrel Y,
the netal pdiar sefBB.is dipped in a melt resin so that the resin adheres
on the surface o L: 3 NNy resin on
the outer peri phgpgp&%ﬂ}?gg%élgl&(ﬁn@toglédﬁ%%?ﬁﬁgr?n%%lﬁ)ggﬁgﬂm%e ,asr\%eere_by t he
pl ai n bear Aflered by pay adhesive 12| azshewnuniKig. dnl In this easeaisaibymsattingg2 of

resi mopor t {1 odeerdia®i@er A2 ISEEHPE SR04 td BR thXisdimdbF AP Bhh tREaI N

bearing 3 H{ay béa | frefa}sﬁgf gs_ sgown | ni Fi m I g‘a}tgérsocase al so.,t .t he

surface poftdBR agge ShAREhE Pashions ¥ S Attt fOr GERRIE L ifie

pl ai n bear pogsiBlecanbhagfthe Fedilbyortiviedd onkbindoslidnEe-200thoravidh the Further,

gfs tplhgi Lagé%g%%&np?r?%ﬁlp r%f ﬁg}%\%f?%p 2%?' the &b &S Se?fd& ;53 Séﬂsof Ilatgstsleri% t%t rength
interpose a layer other than the adhesive 12, between the resin portion 3a

15 and the metal portion 3b.

The two-dimensional shape of plain bearing 3 will be described with
reference to Fig. 8. As can be seen from Fig. 8, a plurality of grooves 15 are
formed on an outer peripheral surface of metal portion 3b. The grooves 15
extend along the axial direction of plain bearing 3.

20 When plain bearing 3 is press-fit into sleeve 4, the sleeve 4 and/or
metal portion 3b may possibly be deformed. By providing the grooves 15 on
the outer peripheral surface of metal portion 3b, it becomes possible to
receive part of the sleeve 4 (deformed portion) or part of the metal portion 3b
(deformed portion) within the groove 15, when plain bearing 3 is press-fit.

25 Thus, the plain bearing 3 can surely be fixed in sleeve 4 and, in addition,
deformation of sleeve 4 after the press-fit of plain bearing 3 (for example,
bulging in the radial direction) can be suppressed.

Though grooves 15 shown in Fig. § have been described as an
example of recessed portions for receiving the deformed portion of sleeve 4 or

30 deformed portion of metal portion 3b after the press-fit of plain bearing 3,
recessed portion of an arbitrary shaped other than the grooves 15 may be
provided on the outer peripheral surface of metal portion 3b.

Further, when the press-fit margin when the external member is
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Further, the resin portion 3a nmay be protruded along the axial direction
of plain bearing 3, at the end surface along the axial direction of 5
plain bearing 3, as shown in Fig. 6. This nakes it possible 24 FEBid# t he
resin portion 3a only into sliding-contact with the stepped portion 2a of
roller shaft 2. Further, the resin portion 3a and the netal portion 3b may
be adhered by an adhesive 12, as shown in Fig. 7. In this case also, by
setting 10 the outer dianeter d2 of resin portion 3a to be the sanme or

| arger than the dianmeter di of the large dianeter portion of roller shaft
2, for exanple, it is possible to bring the resin portion 3a only into
sliding-contact wwth the stepped portion 2a of roller shaft 2 or the
washer 8. It is also possible to interpose a |ayer other than the adhesive
12, bet weepreselit ésnd)ysted toabsat lﬁmmngeﬁmmamﬁnmf thereitern@ibmermther at

t wo- di mensi j ' bl ' -t ference
to Fig. 6. Ao me Rl AP AL hedRL Rt dlbh vitloCPOR bRt df exbbr
formed on 3R- odtwathpwrif phe paessshit margwis akowtl 1Hum.idippzng owhef theoves 15

extend al opgtéhR) abdhedichRGIEPPe PhePdiiten. bearing 3. 20 Wien plain bearing
3is %ress-fit int.o sleeve 4, the sl eeve 4 agd/or et a pgaﬁion 3b. may
possi By be defoﬁ@él@‘.l ﬂb@BWS&PﬁgnYﬁbtl‘mbéﬁ gen gdegeribe an w#tratsd Bher al
surface of Jwe4nlitRekldRTy dRdetdtofE ERABELPODRERS Bytway bENRIsteatiah tand t he
sl eeve 4 (deforqed ortlon%@320§grt of .t he ne# .PO[tIO 3b..€deforned

f I
portion) ieKAPIPIEREIEABGE 1ok to Radaken By ae at hmtanen, thespixit And Ss8pa s,
the plain hfahepyeserniamvertiohybaigg linkiedd iohlshgele térapdf the apgentiedn,
def ormati on,of sleeve 4 after the press-fit of plain bearing 3 (for
exanple, BUP§thg in the radial direction) can be suppressed. Though
grooves 15 shown in Fig. 8 have been described as an exanple of recessed
portions for receiving the defornmed portion of sleeve 4 or 30 deforned
portion of metal portion 3b after the press-fit of plain bearing 3,
recessed portion of an arbitrary shaped other than the grooves 15 nay be
provi ded on the outer peripheral surface of nmetal portion 3b. Further, when
the press-fit margin when the external nenber is -16 2 4 F E B 2004
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press-fit is adjusted to about 18 gm deformation of the external nenber at
the tine of press-fit can be prevented, even wi thout the provi 9ipRERH004
grooves 15. Further, if the press-fit margin is about 18 gm sli pping out
of the external nmenber can al so be prevented. 5 Although the present

I nvention has been described and illustrated in detail, it is clearly
understood that the sane is by way of illustration and exanple only and is
not to be taken by way of limtation, the spirit and scope of the present
invention being limted only by the ternms of the appended <clains. -17 2 4
FEB 2004 WHAT IS CLAIMED IS: 1. A pinch roller apparatus, conprising: a
roller shaft (2); a cylindrical plain bearing (3); and a roller body (7)
nount ed around said roller shaft (2) with said plain 5 bearing (3)

i nt er posed, WahATIIScCLAIMER IGet al sl eeve (4) and a cylindrical elastic
body (13) fixed on an outer peripheral surface of said sleeve (4); wherein
said plain bearing (3) includes an inner peripheral portion (3a) and an
out er peri pheral borAipci:ncl( 8tl)erodppanatterdomt pdsihiger ent from that of the

i nner 10 periph ()taﬁTQ(B a), and is fixed in said sleeve (4). 2. The
pi nch roller appara us acco 3 to claim1, wherein said inner peripheral
portion (3a) is iampy ﬁddﬂbyl emangdd)led ng a slidability over said

rol ler shaft (2) 5 aibeaid) aytebubRl ARRLA aﬁ’(?%ll&“s}(%?)(? %ﬂ%ﬁ'@%ﬁd by

a nmenber that s sard nner per.1 phe Fagortl I xed

on said s ééwlwﬁ) igterpgsedi anchindnfing amﬁ sleeve dborad arylimdnieim 1,
wher ei n salaagﬁ& b6y $1f fixd P dn BSored FRLipH AIBLEACPOF LdiRIaN s, end and a

| ar ge di amatﬁ portlon on the other end; "said plain bearing (3) is placed
on a st eppedpBiPi on (2a) between 5 said snall dianeter portion and said

| arge di aneter pogaﬁd@mmxﬂs@hﬁ@g (B) indR{deRel piifrglerisHdradpotian (34 and s
bought i nto Ax l('){l er geru?herai portion (3b) of a material different from that of the inner

10 peripheral portion (3a), and is fixed in said sleeve (4).

2. The pinch roller apparatus according to claim 1, wherein said
inner peripheral portion (3a) is implemented by a member having a
slidability over said roller shaft (2); and
said outer peripheral portion (3b) is implemented by a member that
5 holds said inner peripheral portion (3a) and can be fixed on said sleeve (4).

3. The pinch roller apparatus according to claim 1, wherein
said roller shaft (2) has a small diameter portion on one end and a
large diameter portion on the other end;
said plain bearing (3) is placed on a stepped portion (2a) between
5 said small diameter portion and said large diameter portion; and
said inner peripheral portion (3a) only is bought into sliding-contact
with said stepped portion (2a).

4. The pinch roller apparatus according to claim 1, wherein
said roller shaft has a small diameter portion on one end and alarge
diameter portion on the other end;
said plain bearing (3) is placed on a stepped portion (2a) between
5 said small diameter portion and said large diameter portion with a resin
washer (8) interposed; and
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w th said stepped portion (2a). 4. The pinch roller apparatus according to
claim1l, wherein said roller shaft has a small| dianmeter portion Qn b&ﬂa’?ﬂﬂhd
and a large dianeter portion on the other end; said plain bearing (3) is
pl aced on a stepped portion (2a) between 5 said snmall dianeter portion and
said large dianeter portion with a resin washer (8) interposed; and -18
24FEB2004 sai d i nner peripheral portion (3 a) only is brought into
sliding-contact wth said washer (8). 5. The pinch roller apparatus
according to claim3, wherein an outer dianeter (d2) at an end surface
along the axial direction of said inner peripheral portion (3a) positioned
on the side of said |large dianeter portion is equal to or larger than the
dianeter (dl) of said |large diameter portion at 5 that portion where said

pl ain bearing _(3)5ai<§irﬂie@‘i;%@'ip}@-raﬂ?@rtmrﬂ(2}ﬁ)ro%hl' B hARRM R HEs1PERRL et O
claim4, V\:hE{EI n, { he ou} r dianmeter (d2) "at ‘an end surface al ong the axi al
direction SRUZSPif Washer %eri pheral portion (3a) positioned on the side of

said large dianeter portion is equal to or larger than the dianeter (dl)
of said washer (8). 4 The, pinch roller apparatus according to.claimb5,
wheroi n  thi ckneds (R PREhallEn abBars AP EIBE RATE & NTER PBn of sai d
i nner peri p}:leaflaxﬂiapmthtdjmh)(ﬂa%n pad durfavedalongtthe aididbdilQiecﬁ@dx af lsa'rdly'mnﬂraﬂet er
portion is_La t han. t i ckness, (t at;a centra rtign._al o t he
il s aPPEDREEAl AU b MEIRR b B Bldstti il kel a0y BoRffln.
(t3) at anieegualuoaclergéotipn biee didmbtati (déy vf saddirgaidiametdargponpiom pher al
portia@n (3 it 1 | | di aneter portion is

smal | gr th%a?ﬁgﬂﬁ%l{)gﬁ%éEE#?ﬁ%ﬁg%%ta%lgi@%S? E?g%(;aft ion along the axial
direction of said outer peripheral portion (3b). 8. The pinch roller

appar atus accor dgng g GirdhRofler Wipashths dtbrdiness dibi £iitennthour face

al ong the axial . direction of saird inner perip o portion (3a). positioned
on the si dEU&$r @-‘@in%ie'qea_r( o awérsurgmalaﬁgitbewa@gﬁdnﬁﬁtaﬁmp &2} ess
(t2) at a pepiphraPpsiti(F)Pogitiditedsh 8he side of said large diameter portion

1s equal to or larger than the diameter (d1) of said washer (8).

7. The pinch roller apparatus according to claim 5, wherein

thickness (t1) at an end surface along the axial direction of said
inner peripheral portion (3a) positioned on the side of said large diameter
portion is larger than the thickness (t2) at a central portion along the axial

5 direction of said inner peripheral portion (3a); and

thickness (t3) at an end surface along the axial direction of said
outer peripheral portion (3b) positioned on the side of said large diameter
portion is smaller than the thickness (t4) at the central portion along the
axial direction of said outer peripheral portion (3b).

8. The pinch roller apparatus according to claim 6, wherein

thickness (t1) at an end surface along the axial direction of said
inner peripheral portion (3a) positioned on the side of said large diameter
portion is larger than the thickness (t2) at a central portion along the axial

5 direction of said inner peripheral portion (3a); and

thickness (t3) at an end surface along the axial direction of said
outer peripheral portion (3b) positioned on the side of said large diameter
portion is smaller than the thickness (t4) at the central portion along the
axial direction of said outer peripheral portion (3b).
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5 direction of said inner peripheral portion (3a); and thickness (t§4F:FtB fhﬁ'#
end surface along the axial direction of said outer peripheral por

(3b) positioned on the side of said |arge dianeter portion is snaller than
the thickness (t4) at the central portion along the axial direction of
said outer peripheral portion (3b). -19 24FEB2004 9. The pinch roller
apparatus according to claimb5, wherein thickness (t1l) at an end surface
along the axial direction of said inner peripheral portion (3a) positioned
on the side of said |large dianmeter portion is |arger than the thickness
(t3) at an end surface along the axial 5 direction of said outer peripheral
portion (3b) positioned on the side of said I|arge dianmeter portion. 10.
The pinch roller apparatus according to claim®6, wherein thickness (ti) at

?g )end suifacedasb On'g}ﬁbfiﬁn@l%hr@[lexdaﬁﬁ&ﬂa‘tﬁﬂ a@éorﬂi‘h tb Q&M tgeﬁvhef@hal portltﬁn
a) positione e's sal lon | er than
t he thickness (t essrit ehat 'S‘Hrepé]c%“g PEé ﬁﬁ’%ﬂlog’léFtﬂ%Pféﬁl%of sai d
gut er t peri Mmsqu;iernﬂfdrabpo{ﬁ@ (msﬂdmﬁﬁh%ﬂ on thbeidd 8fs4aild lﬁﬁg@dldlﬁém

i ameter portion

i Iroll t di | 7,
wherei n sal i nlaB%eaxr E@Fhléﬂgg%&t?fgfr@g egfd g‘é‘l%gr i C a| r al
porti®dn (Bagctaon of aaid mutieepepmliephbpattiqo(Ib) pos{tdned thehe Bldzkmfmd(t i) at

an end sugfa?ggﬂrﬁggelteﬁoeﬂ jal direction of said 5 inner peripheral

portion (3a)~position "he side of said |large dianeter portion is at
| east 40% and at nost 100% of the thickness (t5) at an end surface al ong

the axial directign ghe i}%%ﬁ%]ﬁéﬂa}?ﬁ i af B bi Ghpesa (12) at

the central port l.on a axi a rect [ on a | Nher Eerl pher al

portion (3a) is Ck’é%ﬁﬁt Behan e@tdm@“aceadwafthter@nabdxrnmm gaitk 6) at the
central pojpre@hedMiigal P@rﬁeﬁﬁ @a) 65?&6ﬁ9d‘oﬂfth§%h&’e Bf 84id 1abgaBidieted) - 12
The pinch rol l er. apparatu ath%gp aim8, wherein sal pl ai n bearing
(3) is conk®itiqn 2ECLHhan 145@?%%} at apomd swtaeaalongthesaxial out er
peri pher al dipectib®Bf 634 euter peripheral portion (3b) positioned on the side of said

large diameter portion.

11. The pinch roller apparatus according to claim 7, wherein
said plain bearing (3) is constituted of said innex peripheral portion
(3a) and said outer peripheral portion (3b);
the thickness (t1) at an end surface along the axial direction of said
5 inner peripheral portion (3a) positioned on the side of said large diameter
portion is at least 40% and at most 100% of the thickness (t5) at an end
surface along the axial direction of said plain bearing (3); and
the thickness (t2) at the central portion along the axial direction of
said inner peripheral portion (3a) is at least 3% and at most 80% of the
10 thickness (t6) at the central portion along the axial direction of said plain
bearing (3).

12. The pinch roller apparatus according to claim 8, wherein
said plain bearing (3) is constituted of said inner peripheral portion
(3a) and said outer peripheral portion (3b);
the thickness (t1) at an end surface along the axial direction of said
5 inner peripheral portion (3a) positioned on the side of said large diameter
portion is at least 40% and at most 100% cf the thickness (t5) at an end
surface along the axial direction of said plain bearing (3); and
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the thickness (t I) at an end surface along the axial direction of said 5
I nner peripheral portion (3a) positioned on the side of said Iarge di anet er

portion is at |east 40% and at nost 100% cf the thickness (t5) a ﬁﬁf&ﬂﬂﬂ
surface along the axial direction of said plain bearing (3); and -20
24FEB2004 the thickness (t2) at the central portion along the axial
direction of said inner peripheral portion (3a) is at |east 3% and at nost
80% of the 10 thickness (t6) at the central portion along the axial
direction of said plain bearing (3). 13. The pinch roller apparatus
according to claim3, wherein said inner peripheral portion (3a) protrudes
al ong said axial direction, at an end surface along the axial direction of
said plain bearing (3). 14. The pinch roller apparatus according to claim

4, wherein sal d thléltdhﬁc]@ﬁislsr(f@)fﬁi theQdehnit 941 ﬁﬁ@ﬂonpél@h wﬁ@%;@bp@ﬁeﬁmm ofixi al

dlrectlon an end su e al.on n_of a|n

beari ng ﬁd 1%nerm%ngflﬁ pr°5F’1°Bg(3§B éeﬁ@t ggt’: éaz %t@ﬁél wher ei n
sai d 101ner theskinse (t6) qiotite mmttﬂa;)ontmnfﬁbﬂgdhefamebﬂﬂecﬁ@m of Santdqjlam

peri pher al %_}d)gtoQS(Bb) is formed of a sintered netal and has a surface
portion (31:]):%) r?dl ng inward in the radial direction of said outer 5
peripheral portion (3b); said plain bearing (3) is formed by insert

mol ding; and sai 44 nneke pﬁg}mﬁﬁﬁq—eaﬁ%swp?@?gug%{oea%t f PRbigy L face

portion (3b2). 16. The pin ppar a
wherein said i nféi p@nelpn@rlnhelrﬁdrnqrann(@a) Phefgudes @hgmﬁan d awal i on (3a2)

ext endi ng alipngidm &t aﬁdwﬁa%'a@zéhgthé BQi- e (tfb%ramﬁa aﬂpﬁééﬁ’ﬂg(?’a)

and engaggvvlth 'said outer peripheral portion in the radi al
direction éf)»said 5 inner peri pheral portion (3a). 17. The pinch roller
apparatus according to cl ai m 1, wherein said outer peripheral portion (3b)

's formed of a si ﬂf er'f'lqe pmc iolﬁar}dapparatus according to claim 4, wherein
said inner peripheral portion (3a) protrudes along said axial
direction, at an end surface along the axial direction of said plain bearing

(3).

15. The pinch roller apparatus according to claim 1, wherein

said inner peripheral portion (3a) is formed of resin, said outer
peripheral portion (3b) is formed of a sintered metal and has a surface
portion (3b2) extending inward in the radial direction of said outer

5 peripheral portion (3b);

said plain bearing (3) is formed by insert molding; and

said inner peripheral portion (3a) extends on said surface portion
(3b2).

16. The pinch roller apparatus according to claim 15, wherein
said inner peripheral portion (3a) has an engaging portion (3a2)
extending along the axial direction of the inner peripheral portion (3a) and
engages with said outer peripheral portion (3b) in the radial direction of said
5 inner peripheral portion (3a).

17. The pinch roller apparatus according to claim 1, wherein

said outer peripheral portion (3b) is formed of a sintered metal, and
metal powder for forming said outer peripheral portion (3b) has a grain
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metal powder for form ng said outer peripheral portion (3b) has a grain -21
24FEB2004 di aneter that can pass through a sieve selected fromthe ¢ Af§8 28
60 neshes 5 to 300 neshes. 18. The pinch roll er apparatus according to
claim1l1, wherein said inner peripheral portion (3a) is formed of resin;
and said inner peripheral portion (3a) is forned of at |east one material
selected fromthe group including fluoropolyner, polyam de, polyacetal,

pol yet hyl ene 5 and pol yet hersul fone. 19. The pinch roller apparatus
according to claim1, wherein said outer peripheral portion is forned of

at |east one material selected fromthe group including netal, ceramcs
and filled synthetic resin. 20. The pinch roller apparatus according to
claim1, wherein a tapered portion (3bl) is provided on an outer peripheral
surface ndiamgtercthhtpantpass thirongh eheeexseecttidrzomi Bre wngeaif 6 loneshes

peri pheral {paphiRBshés3l) - 21. The pinch roller apparatus according to claim
1, wherein a recessed portion (15) extending along the axial direction is
formed on an outer peripheral surface of said outer peripheral portion

(3b). 22. A pinchgr oFfiRd pirfeBiles iapPar@usPade8FAiRGHS d4im haWHigeih Met al

sl eeve (4) and a gﬁ)l ndrical .elastic,. bo% ( Jf3) |>(;§d on an .outer

peri pheral surfalél b RELP pextion 439 1§ fermed of resp; Bpgi n bearing (3),
5 said pl alsﬂicb'ﬂﬁfdrrmeﬁﬁieﬂamgﬂowﬁbﬂ%ﬁﬂslfﬁﬂﬁﬁdﬂﬂ@ﬂtﬂ@@ét&inmme@ﬂl §dajtednd an
outer peri heri*l portion 1&@3} ﬁf a m=11ter|al dlff.ﬁren frega,th ttgf sai d
"nner per i HAP 4he g3pip dRclidie Snaronilimer; Redamidedraly aselal #ONAAYIAHE

pl ai n5bear iand gayethgqrsalfbneol | er, including an inner peripheral portion
(3a) and an outer peripheral portion (3b) of a material different from the

material of said inner peripheral portion (3a); wherein -22 2 4 FEB 2004
t hi ckness (t1) of195ai'JEhEi]mEE)1qméler;alwlaaatmﬁcbndm(ga‘a)dannlle&éteram one end

said outer peripheral portion is formed of at least one material
selected from the group including metal, ceramics and filled synthetic resin.

20. The pinch roller apparatus according to claim 1, wherein

a tapered portion (3b1) is provided on an outer peripheral surface
near an end portion along the axial direction of said outer peripheral portion
(3b).

21. The pinch roller apparatus according to claim 1, wherein
a recessed portion (15) extending along the axial direction is formed
on an outer peripheral surface of said outer peripheral portion (3b).

22. A pinch roller, comprising:
a roller body (7) having a metal sleeve (4) and a cylindrical elastic
body (13) fixed on an outer peripheral surface of said sleeve (4); and
a cylindrical plain bearing (3),
5 said plain bearing (3) including an inner peripheral portion (3a) and
an outer peripheral portion (3b) of a material different from that of said
inner pexipheral portion (3a) and being fixed in said sleeve (4).

23. A plain bearing for a pinch roller, including an inner peripheral

portion (3a) and an outer peripheral portion (3b) of a material different from
the material of said inner peripheral portion (3a); wherein
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5 surface along the axial direction is larger than the thickness (t2) at
~the central portion along the axial direction of said inner peri gtﬁ %b})‘
portion (3a); and thickness (t3) of said outer peripheral port B at
said end surface is smaller than the thickness (t4) at the central portion
along the 10 axial direction of said outer peripheral portion (3b). 24. A
pl ain bearing for a pinch roller, including an inner peripheral portion (3
a) and an outer peripheral portion (3b) of a nmaterial different from that
of the inner peripheral portion (3 a); wherein thickness (t1) of said inner
peri pheral portion (3a) at |least at one end 5 surface along the axial
direction is larger than thickness (t3) of said outer peripheral portion
(3b) at said end surface. 25. A plain bearing for a pinch roller, including
an inner peri pherﬁﬂckmst(tﬂmf(smtginmm}mrbbpomn (Bratllepst at ame ¢B38) of
a material gj f . . | £ ' I [ 3a);
Wnere?sn sai%&%ﬁ%@%&r@%h@eﬁl?&%gﬁwgﬁ %;)rg?f'ﬁﬁ%‘l?%%ggﬁgﬁ Sﬁg&?ziagqgéi al 5

di recti on ceatraapertion dongshemrealadirpetion oﬁsz@;dtj;mar paniphedakperftie al ong
the axial @qfegigon of said plain bearing (3). 26. A plain bearing for a
pinch roller i ncl)&ldi ng an inner .geri pheral_ portion (3a) and an outer

peri pheral porti ofigkmgssdtd)otfsgdonser perpheralportiom(3bhat said end i nner

peri pheral fuafhdors dmaller YRET BhdtifckBESSR2H aPRid LOra LBl riS aldignthd n the
axi al ‘gl recti.on.is f.or ”?d O({I 5 an oyter Ber . hfgsl surface of said outer
peri pheral %8 leﬁcEIQB)O sed guier penpharal O%Fb‘g'h us, conprising: a roller
shaft (2); a cylindrical plain bearing (3); and a roller body (7) nounted
around said roll shaft, (2) with.said. plai 5. hear.ing (3) internosed, and
havi ng a net al s%%veﬁ(piﬁ’l("a%?%n%?ﬁﬁ %Bﬁ%a‘iorﬂ-e%’mfﬁﬁ&lﬁﬁ% TH e5""gody
(13) fixed mortam (As)endper bpterpEnsherbhpertoin £3h)dfw maveriahilifferehtfimm sai d
plain beari g (BenbfihUFEEriBHet AN HreRR! GRSk AbrRR 1 0N (32)
thickness (t1) of said inner peripheral portion (3a) at least at one end
5 surface along the axial direction is larger than thickness (t3) of said outer
peripheral portion (3b) at said end surface.

25. A plain bearing for a pinch roller, including an inner peripheral
portion (3a) and an outer peripheral portion (3b) of a material different from
that of said inner peripheral portion (3a); wherein

said inner peripheral portion (3a) protrudes along said axial

5 direction over said outer peripheral portion (3b) at an end surface along the
axial direction of said plain bearing (3).

26. A plain bearing for a pinch roller including an inner peripheral
portion (3a) and an outer peripheral portion (3b) of a material different from
that of the inner peripheral portion (3a); wherein

a recessed portion (15) extending in the axial direction is formed on

5 an outer peripheral surface of said outer peripheral portion (3b).

27. A pinch roller apparatus, comprising:

a roller shaft (2);

a cylindrical plain bearing (3); and

a roller body (7) mounted around said roller shaft (2) with said plain
5 bearing (3) interposed, and having a metal sleeve (4) and a cylindrical
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formed of resin and an outer peripheral portion (3b) formed of a filled 10
synthetic resin, and fixed in said sleeve. 28. A pinch roller conpzk%igg' a
roller body (7) having a netal sleeve (4) and a cylindrical elasti @ 9“
(13) fixed on an outer peripheral surface of said sleeve (4); and a
cylindrical plain bearing (3); wherein 5 said plain bearing includes an
I nner peripheral portion (3a) forned of resin and an outer peri pheral
portion (3b) forned of filled synthetic resin, and fixed in said sleeve
(4). 29. A plain bearing for a pinch roller, conprising an inner
peri pheral portion (3a) forned of resin and an outer peripheral portion
(3b) formed of a filled synthetic resin, and having a cylindrical shape.
-24

elastic body (13) fixed on an outer peripheral surface of said sleeve (4);

wherein
said plain bearing (3) includes an inner peripheral portion (3a)
formed of resin and an outer peripheral portion (3b) formed of a filled
10 synthetic resin, and fixed in said sleeve.

28. A pinch roller comprising:
a roller body (7) having a metal sleeve (4) and a cylindrical elastic
body (13) fixed on an outer peripheral surface of said sleeve (4); and
a cylindrical plain bearing (3); wharein
5 said plain bearing includes an inner peripheral portion (3a) formed
of resin and an outer peripheral portion (3b) formed of filled synthetic resin,
and fixed in said sleeve (4).

29. A plain bearing for a pinch roller, comprising an inner

peripheral portion (3a) formed of resin and an outer peripheral portion (3b)
formed of a filled synthetic resin, and having a cylindrical shape.
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