
1 SPECIFICATION PINCH ROLLER APPARATUS BACKGROUND OF THE INVENTION  FIELD
OF THE INVENTION The present invention relates to a pinch roller  apparatus
used for a tape driving apparatus in a video tape  recorder, an audio tape
recorder and the like. DESCRIPTION OF THE PRIOR ART The pinch roller
apparatus used for the tape driving  apparatus is structured such as to
grip a tape between a  pinch roller main body and a capstan and feed the
tape in  accordance with a driving operation of the capstan. In  order to
securely feed the tape moving between the pinch  roller apparatus and the
capstan in a stable state, the  pinch roller apparatus is required a
self-aligning function  for following an incline of the capstan.
Accordingly, a  bearing having a self-aligning function is employed for the
pinch roller apparatus. In recent years, in place of an expensive ball
bearing, for example, a resin plain bearing described in  Japanese Patent
Unexamined Publication No. 10-49935 and 10- 228692 or an oilless plain
bearing described in Japanese  Utility Model Publication No. 8-9447 are
used for the  bearing of the pinch roller apparatus having the self--
aligning function. The pinch roller apparatus mentioned above is 24 J AN
209k 2 



generally structured in the following manner. That-is, the  pinch roller
apparatus is formed by providing a rubber-like  elastic body on an outer
periphery of a sleeve made of a  metal such as an aluminum, a brass and the
like or a resin  so as to form a pinch roller main body and pressure
-fitting  the plain bearing into the sleeve. Then, it is mounted by
inserting a pinch roller shaft having one end mounted to an  arm into the
plain bearing. The pinch roller apparatus is  structured such as to press
the pinch roller main body to  the capstan by moving the arm so as to grip
the tape. The  self-aligning function of the pinch roller corresponds to
.an operation of making a rotary shaft of the pinch roller  main body in
parallel to the capstan due to a clearance  between the pinch roller shaft
and the plain bearing. As mentioned above, the self-aligning function in
the  conventional pinch roller apparatus is performed by the  pinch roller
main body being inclined in a direction of the  capstan due to the
clearance between the pinch roller shaft  and the plain bearing. However,
the pinch roller main body  is also inclined in a direction perpendicular
to the  direction of the capstan in addition to the direction of  the
capstan, that is, a moving direction of the tape.  Accordingly, in view of
a moving stability of the tape, it  is preferable that the clearance of the
plain bearing  corresponding to the incline of the pinch roller main body
is set as small as possible. Further, in the case that the plain bearing is
a 2 4 JAN 2004 3 



resin plain bearing, it has been hard to secure an accuracy  of a size
since a shrinkage is generated after being formed  by a metal mold.
Further, the plain bearing is, as mentioned above, assembled by being
pressure fitted into  the sleeve forming the pinch roller main body.
However, an  inner diameter of the sleeve itself is not always fixed. and
the plain bearing is shrunk in a radial direction at a time  of being
pressure fitted into the sleeve. Accordingly, it .has been significantly
hard to accurately form the inner  diameter of the plain bearing at a time
of assembling as  the pinch roller due to an error of the inner diameter of
the sleeve as well as an error in a size of the plain  bearing itself.
Further, when the clearance between the pinch roller  shaft and the plain
bearing is too small, a smooth rotation  of the pinch roller main body is
restricted, and it is impossible to obtain a sufficient self-aligning
function.  On the contrary, when the clearance between the pinch  roller
shaft and the plain bearing is too large, as well as  a durability of the
plain bearing is deteriorated, there is  a problem that it is impossible to
stably move the tape due  to a point contact between-the capstan and the
roller main  body. On the contrary, the pinch roller apparatus described
in Japanese Patent Unexamined Publication No. 10-228692 is  structured such
as not to self-align in accordance with the  clearance but to self-align in
accordance with an 2 4 JAN 2004 4 



elasticity of the plain bearing,- in order to solve the problem generated
in the case that the clearance between  the pinch roller shaft and the
plain bearing is large.  Accordingly, as well as the plain bearing is made
of a  resin, Young's modulus of the resin is set to 10 kgf/mm2 or  more and
200 kgf/mm2 or less. Further, in the case that  one or a plurality of gap
portions for facilitating a shape  change are provided in the resin plain
bearing, the Young's modulus of the resin may be set to 50 kgf/mm2 or more
and  1500 kgf/mm2 or less. Then, the pinch roller apparatus disclosed in
the  publication mentioned above is structured such that the  rotary shaft
of the roller main body and the rotary shaft  of the capstan are made in
parallel to each other due to an  elasticity of the resin constituting the
plain bearing and  the inner peripheral surface of the plain bearing can
slide  in a state of being nearly in a surface contact with the  inclined
roller shaft. It is said that accordingly, since  the roller shaft and the
inner peripheral surface of the  plain bearing are not in a point contact
state even in a  state that the self-aligning function is served, a part of
the plain bearing is not abnormally abraded, so that it is  possible to
sufficiently secure a durability of the pinch  roller even in the case of
the resin plain bearing. However, since the pinch roller apparatus
described  in Japanese Patent Unexamined Publication No. 10-228692
mentioned above is self-aligned in accordance with an 2 4 JAN 2004 5 



elasticity of the resin constituting the plain bearing,  there is a risk
that the plain bearing generates a fatigue  fracture after being used for a
long time. Further, since  the pinch roller apparatus mentioned above
self-aligns in  accordance with an elasticity of the resin not with the
clearance, much time is required before the pinch roller main body becomes
in parallel to the capstan, so that there  is a problem that it is
impossible to self-align for a short time. Further, in the pinch roller
apparatus described in  Japanese Patent Unexamined Publication No.
10-228692  mentioned above, since the elastic operation is different
between the gap portion and the non-gap portion in the case  of providing a
plurality of gap portions in the plain..  bearing, a bending amount of the
plain bearing is different  between a time when the inner peripheral
surface of the gap  portion of the plain bearing is brought into contact
with  the roller shaft and a time when the inner peripheral  surface of the
non-gap portion of the plain bearing is  brought into contact with the
roller shaft, so that there  is a risk that a moving operation of the tape
becomes  uneven. Further, the pinch roller apparatus mentioned  above is
structured such as to set a contact area between  the roller shaft and the
plain bearing when pressing the  roller main body to the capstan to be
great. Accordingly,  since an amount of .a power consumption of a capstan
motor  becomes significantly increased, it is not preferably 6 2't JAN 2004



applied to the pinch roller apparatus for a-camera  integral-type compact
video tape recorder and a compact  audio tape recorder which are driven by
a battery.. The present invention is made by taking the current
circumstances into consideration,"and an object of the  present invention
is to provide a pinch roller apparatus  having the following objects. One
of the objects of the present invention is to  provide a pinch roller
apparatus which can stably move a  tape in accordance with a sufficient
self-aligning function. Another object of the present invention is to
provide  .an inexpensive pinch roller apparatus as a structure which  can
easily manufacture 'a plain bearing. Further, the other object of the
present invention is  to provide a pinch roller apparatus in which an
assembly of  the pinch roller can be easily performed at a time of
inserting a pinch roller shaft into a plain bearing  pressure fitted to a
sleeve so as to assemble the pinch  roller. Still further, the other object
of the present  invention is to provide a pinch roller apparatus which can
secure a good tape movement by making a clearance small so  as to reduce an
incline in a moving direction of the tape. Furthermore, the other object of
the present  invention is to provide a pinch roller apparatus which can
reduce an amount of a power consumption of a capstan motor. Moreover, the
other object of the present invention 7 24 JAN 2004 is to provide a pinch
roller apparatus in which a self- 



aligning function can be securely performed for a short  time. DISCLOSURE
OF THE INVENTION According to one aspect, the present invention is
structured as follows. That is, a pinch roller apparatus in  accordance
with the present invention is structured such as to  mount a pinch roller
main body provided with a rubber-like  elastic body on an outer periphery
of a sleeve via a plain  bearing to a pinch roller shaft having one end
fixed to an arm  and press the pinch roller main body to a capstan by
moving the  arm. A circular sliding plate brought into contact with both of
an upper end surface and a lower end surface of the plain  bearing is
mounted to the pinch roller shaft, and an end  cap is adhered to a front
end portion of the pinch roller  shaft. When setting a length of an axial
gap between the  circular sliding plate brought into contact with the upper
end surface of the plain bearing and the plain bearing to A  and a length
'of an outer diameter of the circular sliding  plate to B, the structure is
made such as to satisfy a  relation 0.007 S A/B C 0.06. By setting the
relation  between A and B so that the plain bearing is inclined at  the
range mentioned above, it is possible to reduce a width  for
self-alignment. Accordingly, it is possible to restrict the incline in the
moving direction of the tape to  a small level and it is possible to secure
an improved 8 2 4 JAN 2004 movement of the tape. Further, when setting a
clearance in a diametrical  



direction between the pinch roller shaft and the sliding  surface of the
plain bearing to X and an effective length  of the sliding surface of the
plain bearing to Y, it is  preferable to structure so as to satisfy the
relation X/Y 0.052. By making the structure so that X and Y satisfy  the
relation mentioned above, the clearance between the pinch roller shaft and
the sliding surface of the plain  bearing has a sufficient magnitude.
Accordingly, the plain  bearing and the sleeve to which the plain bearing
is  pressure fitted may be structured so as to be over a  designed error of
size, so that it is easy to form the  plain bearing and assemble the pinch
roller apparatus. In  accordance with the present invention, as is
different from  the conventional method of aligning in response to the
clearance X in the diametrical direction between the pinch  roller shaft
and the plain bearing, for preference, the  clearance X is formed greater
than the conventional one and  an amount of alignment is adjusted in
accordance with a  length of a gap in an axial direction.at upper and lower
ends of the plain bearing. In another aspect of the present invention,
there is  provided a pinch roller apparatus comprising: a pinch roller
shaft having one end fixed to an arm; a pinch roller main body  provided
with a rubber-like elastic body on an outer periphery  of a sleeve. The
pinch roller main body is mounted to the pinch  roller shaft via a plain
bearing. An upper circular sliding  plate is mounted 8a 2 4 JAN 2004. 



to the pinch roller shaft for contact with an upper end surface  of the
plain bearing and a lower circular sliding plate is  mounted to the pinch
roller shaft for contact with a lower end  surface of the plain bearing.
The pinch roller main body is  operable to be pressed to a capstan by
moving the arm. Both end  surfaces of the plain bearing mentioned above are
provided with  a taper-like or circular arc-shaped inclined surface in a
radial  direction toward an outer peripheral surface from a center  portion
of the shaft. 9 2 4 JAN 2004 ' . The inclined surfaces of the end surfaces
are able to be brought  into contact with the upper and lower circular
sliding plates  respectively, when the plain bearing is inclined. In the
case of  forming both end surfaces of the plain bearing in the taper-like
or`  circular arc-shaped inclined surface in the radial direction toward
the outer peripheral surface from the center position of the shaft,  since
both end surfaces of the plain bearing can be inclined in a  state of
sliding on the circular sliding plate, it is possible to  restrict the
length of the gap in an axial direction as small as  possible, so that it
is possible to move the tape in a stable  state. The plain bearing may form
a sliding surface which is  parallel to an axial direction of the plain
bearing at a center  portion of the inner peripheral surface, and form a
taper-like  or circular arc-shaped non-sliding surface which is gradually
expanded in a radial direction toward the end portion of the  plain bearing
from both end portions of the sliding surface. A  length of the parallel
sliding surface is not particularly  



limited, however, it is preferable to be set to 10 to 30% the  length of
the plain bearing. Further, the inner peripheral  surface of the plain
bearing may be formed in a parallel  sliding surface substantially at a
whole portion except a  beveling portion in both end portions. Further, for
the above, the plain bearing may be  formed in a solid cylindrical shape.
However, 10 2 4 'JAN 2004 alternatively, it may be structured such that the
plain bearing  is constituted by an inner cylinder and an outer cylinder
and a hollow gap open to at least one end  surface is provided between the
inner cylinder and the  outer cylinder. The hollow gap extends in an axial
direction. The structure may be made such that the hollow  gap is open to
only one end surface of the plain bearing  and another end surface is
closed, or may be made such that  the hollow gap is open to both end
surfaces and the inner  cylinder and the outer cylinder are connected at a
center  portion. Further, it is a matter of course that the  aspects
mentioned above can be independently structured,  and the aspects may be
combined. For example, it is  possible to combine the shape of both end
surfaces of the  plain bearing and the shape of the inner peripheral
surface.  Further, it is possible to combine the structure of the  hollow
gap of the plain bearing and the shape of the inner  peripheral surface.
Still further, it is possible to  combine the shape of both end surfaces of
the plain bearing  and the structure of the hollow gap. Otherwise, it is  



possible to combine all the structures to form the plain  bearing. The
plain bearing mentioned above may be made of a  self-lubricating resin. As
the self-lubricating resin, it is  possible to employ, for example, one or
two or more of a  fluorine resin, a polyester resin, a polyether sulfone
resin, a polyolefine resin, a polyacetal resin, a polyamide 11 2 4 JAN
20.04 resin and a polyphenylene sulfide resin. Further, the pinch roller
apparatus in accordance  with the invention can be structured such that the
plain  bearing is made of a self-lubricating resin having a  Young's
modulus 1600 kgf/mm2 or more. By employing the  resin having the Young's
modulus 1600 kgf/mm2 or more, an abrasion of the plain bearing is
significantly small even  when the plain bearing and the roller shaft slide
in a  state of being in a point contact. Further, since the  contact area
between the plain bearing and the roller shaft  is small; it is possible to
restrict an amount of a power  .consumption of the capstan motor to a low
level, so that it  is preferably applied to a camera integral-type compact
video tape recorder and a compact audio tape recorder which  are driven by
a battery. Further, a self-aligning function of the plain  bearing made of
the self-lubricating resin having the  Young's modulus 1600 kgf/mm2 or more
is not achieved by an elasticity of the resin but achieved by the clearance
with  respect to the roller shaft. Accordingly, the pinch roller  



main body can immediately follow the incline of the capstan,  a time before
the pinch roller main body becomes in  parallel to the capstan, that is, a
self-aligning time  requires a short time, so that it is possible to move
the  tape in a good condition. Further, by employing the resin  having the
Young's modulus 1600 kgf/mm2 or more, the  inclined surface of the plain
bearing is not deformed even 12 21 JAN 20%. when being brought into contact
with the circular sliding  plate as well as there is no risk of generating
a fatigue  .fracture even after being used for a long time, so that the
incline of the plain bearing can be securely restricted,  and the
self-aligning function can be smoothly achieved. In the plain bearing
employing the resin having the  high Young's modulus, it is also possible
to form the inner  peripheral surface in a linear parallel surface from one
end surface to another end surface, however, a shape of the.  plain bearing
is not particularly limited. Accordingly, in  the plain bearing employing
the resin having the Young's  modulus 1600 kgf/mm2 or more, the structure
may be made such that a linear parallel surface is provided at a center
portion so as to form a taper-like or circular arc-shaped  expanded surface
which gradually expands in a radial  direction from both end portions of
the parallel surface  toward the end surface of the plain bearing. Further,
in  the case of forming both end surfaces of the plain bearing  in the
taper-like or circular arc-shaped inclined surface  in the radial direction
from the center portion of the  



shaft toward the outer peripheral surface, and in the case  of being
constituted by the inner cylinder and the outer  cylinder and being
provided with the hollow gap open to at  least one end surface between the
inner cylinder and the  outer cylinder, it is preferable to insert the
circular- sliding plate which is brought into contact with both of  the
upper end surface and the lower end surface of the 13 24, JAN 2 plain
bearing. Further, also in the case that a plurality of hollow  gaps are
provided in the plain bearing, since the elastic  operation is not
different between the hollow gap portion  and the non-gap portion due to
the construction of the  resin having the high Young's modulus, a
substantially 1 fixed being amount can be obtained and it is possible to
secure a uniform tape movement. As the resin having the Young's modulus
1600 kgf/mm2  or more, it is possible to employ a polyamide resin, a
polyphenylene sulfide resin, a polyether nitrile resin, a  polyimide resin
and the like. BRIEF DESCRIPTION OF THE DRAWINGS Fig. I is a cross sectional
view which shows a  relation between a plain bearing and a pinch roller
shaft;  Fig. 2 is a vertical cross sectional view which shows  a first
embodiment of a pinch roller apparatus in accordance with the present
invention; Fig. 3 is a cross sectional view of a main portion  



which shows a length of a gap in an axial direction of the  plain bearing;
Fig. 4 is a cross sectional view which shows a second  embodiment of the
plain bearing; Fig. 5 is a vertical cross sectional view which shows  a
second embodiment of a pinch roller apparatus in  accordance with the
present invention; Fig. 6 is a cross sectional view of a main portion which
shows a length of a gap in an axial direction-of the  plain bearing in
accordance with the second embodiment; Fig. 7 is a perspective view which
shows a third  embodiment of a plain bearing; Fig. 8 is a vertical cross
sectional view of the  plain bearing in Fig. 7; Fig. 9 is a vertical cross
sectional view which shows  the other embodiment of the plain bearing in
Fig. 7; Fig. 10 is a vertical cross sectional view which  shows a third
embodiment of a pinch roller apparatus in  accordance with the present
invention; and Fig. 11 is a cross sectional view which shows a  fourth
embodiment of the plain bearing. BEST MODE FOR CARRYING OUT THE INVENTION A
pinch roller apparatus in accordance with the  present invention will be in
detail described below on the  basis of the following particular
embodiments. At first, a description will be given of a plain  bearing for
a pinch roller in accordance with the present  invention. A plain bearing 1
is wholly formed in a solid  cylindrical shape. A diameter of an inner
peripheral 



surface is set to be larger at both end portions than at a  center portion.
That is, a sliding surface 3 being in  parallel to an axial direction of
the plain bearing 1 is  formed at the center portion of the inner
peripheral - surface, and a length of the sliding surface 3 is  preferably
set to 10 to 30 % a length of the plain bearing 15 2 4 JAN 2004 1. There is
formed a taper-like-or circular arc-shaped  non-sliding surface 5 which is
gradually expanded from both  end portions of the sliding surface 3 toward
an end surface  of the plain bearing 1 in a radial direction. As mentioned
above, since the structure is made such that the inner peripheral surface
of the plain bearing 1 does not wholly slide and the length of the sliding
surface  3 brought into contact with the pinch roller shaft is set  to 10
to 30 % the length in the axial direction of the  plain bearing 1, it is
possible to greatly incline the  plain bearing 1. That is, by forming the
inner peripheral  shape of the plain bearing in the manner mentioned above,
it is possible to greatly incline as the length of the  sliding surface is
shorter in the case that the clearance  in a diametrical direction between
the pinch roller shaft  and the sliding surface of the plain bearing is the
same,  and on the contrary, in the case that an amount of incline  is the
same, it is possible to make the clearance small.  Accordingly, in one
embodiment in accordance with the  present invention, the structure is made
such that the  sliding surface of the plain bearing is not formed as a  



whole of the length of the plain bearing, but is limited to  the center
portion of the inner peripheral surface. In  this case, when the length of
the sliding surface 3 is  smaller than 10 % the length of the plain bearing
1., a  surface pressure becomes high and a service life of the  plain
bearing and the pinch roller shaft becomes short. 16 2 4 JAN 2004 Further,
when the length of the-sliding surface 3 is- greater than 30 % the length
of the plain bearing 1, it is  impossible to greatly incline. - The plain
bearing 1 is made of a self-lubricating resin. As the self-lubricating
resin, it is possible to  employ, for example, one or two or more of a
fluorine resin, a polyester resin, a polyether sulfone resin, a polyolefine
resin, a polyacetal resin, a polyamide resin and a  polyphenylene sulfide
resin. Next, a description will be given of a pinch roller  apparatus 10 in
which the plain bearing 1, structured in the  manner mentioned above is
assembled. The pinch roller  apparatus 10 is structured such that as shown
in Fig. 2, a  rubber-like elastic body 11 having a previously abraded
outer peripheral surface is mounted to an outer peripheral  surface of a
metal sleeve 13 so as to form a pinch roller  main body 15. An end surface
of the plain bearing 1 is  engaged by pressure fitting the plain bearing 1
so as to be  engaged with a step portion 17 formed on an inner  peripheral
surface of the sleeve 13 and further pressure  fitting a stopper 19 for
preventing a coming-out. A  stepped pinch roller shaft 7 fixed to an arm 20
at one end  



is inserted into the plain bearing 1 and an end cap 21 is  fixed to a front
end portion of the pinch roller shaft 7. A circular sliding plate 25
brought into contact with  a lower end surface of the plain bearing I is
mounted to a  stepped portion 23 of the pinch roller shaft 7, and a 17 2 4
JAN 2004 circular sliding plate 27 brought into contact with an  upper end
surface of the plain bearing 1 is mounted to an  upper portion of the plain
bearing 1. The end cap 21 and  the circular sliding plate 27 are brought
into contact with  each other, and a predetermined gap is formed in an
axial  direction between the circular sliding plate 27 and the plain
bearing 1. The circular sliding plates 25 and 27 are  made of a synthetic
resin or a metal such as a stainless  steel and the like, and in particular
are preferably made  of a self-lubricating resin containing an additive
such as  a molybdenum and the like. In this case,.a method of  fixing the
plain bearing 1 to an inner portion of the  sleeve 13 is not limited to the
embodiment mentioned above.  For example, both end surfaces of the plain
bearing 1 may  be engaged by the stopper 19 for preventing a coming-out
without forming the step portion 17 in the inner portion of  the sleeve 13,
or the plain bearing 1 may be simply pressed  within the sleeve 13. In the
structure mentioned above, as shown in Fig. 3,  when setting a length of a
gap in an axial direction  between the plain bearing 1 and the circular
sliding plate  27 which is mounted so as to be brought into contact with  



the upper end surface of the plain bearing 1 to A, and a  length of an
outer diameter of the circular sliding plate  27 to B, it is possible to
adjust an amount of self- alignment in accordance with A/B. A/B for
adjusting the  amount of self-alignment is greater than 0.007 and smaller
18 2 4 JAN 2004 than 0.06. In the case that the amount of self-alignment
A/B is smaller than 0.007, a rotary shaft of the pinch  roller main body 15
can be inclined only at a slight amount,  so that the rotary shaft of the
pinch roller main body 15 is not in parallel to the capstan 8 even when the
pinch  roller main body 15 is pressed to the capstan 8, and it is
impossible to obtain a sufficient self-aligning function.  On the contrary,
in the case that the amount of self alignment A/B is greater than 0.06, it
is possible to set  the amount of self-alignment to be great, however, the
pinch roller main body 15 is greatly inclined in a  direction perpendicular
to the direction of the capstan,  that is, a moving direction of the tape,
so that it is  impossible to secure a stable movement of the tape. The
circular sliding plates 25 and 27 restrict the  incline of the plain
bearing 1. Accordingly, it is  necessary to form so that the length of the
gap in the  axial direction with respect to the plain bearing 1  satisfies
the relation 0.007 C A/B < 0.06 as mentioned  above and the incline of the
sleeve 13 is not prevented.  That is, an outer diameter of the circular
sliding plates  25 and 27 is set to be greater than a maximum inner  



diameter of the plain bearing and smaller than the inner  diameter of the
sleeve 13 or the stopper 19 so as to be  brought into contact with the end
surface of the plain  bearing, whereby the sleeve 13 can be inclined at a
predetermined amount. 19 2 4r JAN 2004 Since the conventional pinch roller
apparatus--- performs a self-alignment in accordance with the clearance
between the pinch roller shaft and the inner diameter of  the plain
bearing, an-amount of self,-alignment is fixed and  can not be changed at a
time of assembling in the pinch  roller apparatus. In the case of changing
the amount of self-alignment, it is necessary to change the inner diameter
of the plain bearing or change the outer size of the pinch roller shaft.
However, in accordance with the  present invention, since the structure is
made such that  the amount of self-alignment is adjusted in accordance with
the gap between the end surface of the plain bearing and  the circular
sliding plate, it is possible to change the  amount of self-alignment only
by changing the gap between  the end surface of the plain bearing and the
circular  sliding plate at a time of assembling in. the pinch roller
apparatus. Further, as shown in Fig. 1, when setting the  clearance between
the pinch roller shaft 7 and the sliding  surface 3 of the plain bearing 1
to X, and an effective  length of the sliding surface 3 of the plain
bearing to Y,  it is formed so as to satisfy a relation X/Y ? 0.052. When  



setting X/Y to be smaller than 0.052, it is hard to  restrict the inner
diameter of the plain bearing pressure  fitted to a predetermined range due
to an error of a size  of the plain bearing itself caused by a shrinkage at
a  forming time and an error of the inner diameter of the 20 2 4 JAN 2004
sleeve, so that it is impossible to obtain a sufficient  self-aligning
function. In the present invention, the amount of self- alignment is not
determined on the basis of the clearance X  in the diametrical direction
between the pinch roller shaft  7 and the plain bearing 1, but the
clearance X is rather  set to be greater than the conventional one and the
amount  of self-alignment is determined on the basis of the length  of the
gap in the axial direction at the upper and lower  ends of the plain
bearing 1. Figs. 4 to 6 show a second embodiment of a pinch  roller
apparatus and a plain bearing in accordance with the  present invention, in
which shaped of both end surfaces of  the plain bearing are different from
the first embodiment.  A plain bearing 1A is structured as shown in Fig. 4,
such  that both end surfaces of the plain bearing are formed in a
taper-like or circular arc-shaped inclined surface 9 in a  radial direction
from the center portion of the shaft  toward the outer peripheral surface.
In the present  invention, the structure is made such as to adjust an angle
of incline of the plain bearing in accordance with the  length of the gap
at the end surface in the axial direction  



of the plain bearing. Accordingly, both end surfaces of  the plain bearing
1A is formed so as to be brought into contact with the circular sliding
plates 25 and 27 in response to an incline of the plain bearing, both ends
of  the plain bearing 1A are formed in the taper-like or 21 2.4 JAN 2004
circular arc-shaped inclined surface 9 in a radial  direction from the
center portion of the shaft toward the  outer peripheral surface, and
flanges 12 are formed in the  outer peripheral edge portion. One of the
flanges 12 is struck against a step- portion 17A of the sleeve 13 when
pressure fitting the, plain bearing 1A into the sleeve 13, and another
flange 12  is engaged by the stopper 19 pressure fitted to the sleeve  13
(refer to Fig. 5). Accordingly, a height of the flange  12 is not
necessarily the same as that of the center portion of the end surface of
the plain bearing IA, but may  .be protrude from the center portion of the
end surface or  may be inversely low. In this case, it is possible to omit
a formation of the flange 12. It is possible to omit the  flange 12, form
the inclined surface 9 so as to reach the  outer peripheral surface of the
plain bearing 1A and set a  whole of the end surface of the plain bearing
1A to the  inclined surface 9 (refer to Fig. 6) In the case of  setting the
whole of the end surface of the plain bearing  1A to the inclined surface
9, it is preferable to set the  contact surface between the step portion
17A of the sleeve  13 and the stopper 19 to an inclined surface coinciding



with the inclined surface 9. The plain bearing 1A mentioned above can be
assembled  as the pinch roller apparatus in place of the plain bearing  1,
in the same manner as the structure shown in Fig. 2. Further, as shown in
Fig. 5, it is possible to insert the 22 2 4 JAN 2 pinch roller main body 15
in a state of being vertically  inverted at a time of inserting the pinch
roller shaft 7A  to the pinch roller main body 15 formed by mounting the
rubber-like elastic body 11 to the outer peripheral surface 1 of the metal
sleeve 13. At this time, it is possible to mount the circular sliding plate
25 to the step portion 23 of the pinch roller shaft 7A and mount the
circular sliding  plate 27 to the lower end surface of the end cap 21A. In
this case, in the embodiment shown in Figs. 2 and 5, a  description was
given of the case that the circular sliding  plate 27 and the end caps 21
and 21A are independently  formed, however, the circular sliding plate 27
and the end  caps 21 and 21A may be integrally formed. In the case of
integrally forming the circular  sliding plate and the end cap, it is
possible to reduce a  labor and step for assembling as well as reducing a
number  of the parts. As the present embodiment, in the case of  setting
both end surfaces of the plain bearing 1A to the  inclined surface 9, since
the plain bearing 1A can be  inclined in a state that the inclined surface
9 is almost  brought into contact with the circular sliding plates 25  



and 27, a length of the gap in the axial direction between  the circular
sliding plate 27 and the plain bearing 1A can  be short. Accordingly, the
length of the gap in the axial  direction of the plain bearing 1A can be
restricted to a  necessarily minimum limit, and is significantly
advantageous for stably moving the tape. 23 24 JAN 2004 Figs. 7 and 8 show
a third embodiment of a resin  plain bearing. in this embodiment, the
structure is made  such that a hollow gap open to at least one end surface
is  provided between the inner cylinder and the outer cylinder. The hollow
gap extends in an axial direction. The plain  bearing 1B is structured such
that an outer cylinder 33 is  arranged in an outer side of an inner
cylinder 30 via a  hollow gap 31, and the inner cylinder 30 and the outer
cylinder 33 are connected by a connecting rib 35 in a  radial direction
provided on one end surface. Accordingly,  the plain bearing 1B is
structured such that one end .surface is closed by the connecting rib 35
and an opening  37 is formed on another end surface. The hollow gap 31 is
formed so as to gradually expand toward a side of the  opening 37 for
making it easy to be removed from the mold  at a time of molding. Further,
a shape of the inner  surface of the inner cylinder 30 is structured such
that a  sliding surface 39 is formed at a center portion and a  taper-like
or circular arc-shaped non-sliding surface 40 is  formed so as to gradually
expand in a radial direction from  both end portions of the sliding surface
39 toward an end  



portion of the inner cylinder 30, as in the same manner as  that of the
first and second embodiments of the plain  bearing. The hollow gap 31 is
provided between the inner  cylinder 30 and the outer cylinder 33, whereby
the inner  cylinder 30 has an elasticity at a time of molding. 24 2 4 JAN
2004 Accordingly, even when an insert of the metal mold is  forcibly taken
out on the inner peripheral surface of the  inner cylinder 30 at a time of
molding the plain bearing 1B,  no crack and no breaking are generated.
Further, since the  plain bearing 1B becomes thin as a whole, a shrinkage
and  deformation after molding is reduced and it is possible to  secure a
high roundness. .Fig. 9 shows the other embodiment in Fig. 7 of the  plain
bearing provided with a hollow gap in an axial  direction. In this
embodiment, the structure is made such  .that a gap open to both end
surfaces is provided between  the inner cylinder and the outer cylinder. A
plain bearing  1C is structured such that the inner cylinder 30 and the
outer cylinder 33 are connected at a center portion in an  axial direction
by a connecting rib 35A in a radial  direction and an opening 37 of the gap
31 is provided on  both end surfaces. As mentioned above, in the case that
the connecting rib 35A is provided at the center portion, it is possible to
unify the elasticity at both end portions.  In this case, since the other
structures and the operations  and effects are the same as those of the
plain bearing 1B,  



the same reference numerals are attached to the same  elements and a
description thereof will be omitted. Further, the structure of the plain
bearing provided  with the hollow gap open to the end surface is not
limited  to the embodiment mentioned above. An illustration is  omitted,
however, for example, the inner cylinder 30 and 25 2 4 JAN 2004 the outer
cylinder 33 may be connected by a plurality of  connecting ribs in
an-'axial direction so as to uniformly  separate the hollow gap in a
circumferential direction.  Further, the connecting rib in the radial
direction and the  connecting rib in the axial direction may be combined as
the plain bearing 1B and the plain bearing 1C. Further, N also in the plain
bearing provided with the hollow gap open  to the side surface, in the same
manner as the second  embodiment of the pinch roller apparatus in
accordance with  the present invention, both end surfaces of the plain
bearings 1B and 1C may be formed in the taper-like or  circular inclined
surface 9 in a radial direction from the  center portion of the shaft
toward the outer peripheral  surface. Further, the plain bearings 1B and IC
are also assembled and used as the pinch roller apparatus. With  respect to
the structure for assembling as the pinch roller,  it is possible to apply
the description in Figs. 2 and 5.  Accordingly, a detailed description will
be omitted for  avoiding a repeated description. Next, a description will
be given of a third  



embodiment of a pinch roller apparatus in accordance with  the present
invention with reference to Fig. 10. In this  embodiment, a substantially
whole of the inner peripheral  surface of the plain bearing is formed in a
parallel sliding surface. That is, in the first and second  embodiments of
the pinch roller apparatus in accordance  with the present invention, the
plain bearing is structured 26 24 JAN 2004 such that the sliding surface
which is in parallel to the  axial direction of the plain bearing is formed
at the  center portion of the inner peripheral surface and the  taper-like
or circular arc-shaped non-sliding surface is  formed so as to gradually
expand in the radial direction from both end portions of the sliding
surface toward the end portion of the plain bearing. on the contrary, a
plain  bearing 1D shown in the third embodiment is formed in a  solid
cylindrical shape by forming an inner peripheral  surface in a sliding
surface 41 being in parallel in the  axial direction and both end surfaces
in parallel surfaces.  .The pinch roller main body 15 is structured such as
to  mount the rubber roller 11 having an outer peripheral  surface made of
a predetermined abraded rubber to the outer  peripheral surface of the
metal sleeve 13, arrange the  plain bearing 1D at a suitable position on
the inner  peripheral surface of the sleeve 13, insert the stepped  pinch
roller shaft 7B fixed to the frame 20 into the plain  bearing 1D, and be
fixed by an end cap 21B. Young's modulus of the resin constituting the
plain  



bearing ID is 1600 kgf/mm2 or more. By employing the resin  having the
Young's modulus 1600 kgf/mm2 or more, an  abrasion of the plain bearing 1D
is significantly small  even when the plain bearing 1D and the roller shaft
7B  slide in a state of being in a point contact. Further,- there is no
risk that a fatigue fracture is generated even  after being used for a long
time. A self-adjusting 27 24 JAN 2004 function of the plain bearing 1D can
be achieved by-the  clearance with respect to the roller' shaft.
Accordingly,  the pinch roller main body can immediately follow the
incline of the capstan, and a time before being in parallel  to the
capstan, that is, a self-aligning time required a  short time, so that it
is possible to move the tape in a ti good condition. .The circular sliding
plates 25 and 27 for restricting  the incline of the plain bearing 1D are
mounted to upper  and lower portions of the pinch roller shaft 7B, and the
circular sliding plates 25 and 27 are made of a synthetic  resin or a metal
such as a stainless steel and the like.  The circular sliding plates 25 and
27 are respectively  fixed to the plain bearing 1D, and gaps are formed
between  the circular sliding plate 25 and the step portion 23 and  between
the circular sliding plate 27 and the end cap 21B.  In this case, the gap
in an axial direction in the upper  and lower portions of the plain bearing
1D may be provided  between the circular sliding plates 25 and 27 and the
plain  



bearing 1D without fixing the circular sliding plates 25  and 27 to the
plain bearing 1D. Further, it is possible to  employ the methods described
in connection to the first and  second embodiments mentioned above for a
method of fixing  the plain bearing ID to the inner portion of the sleeve
13. The resin for constituting the plain bearing 1D is  not particularly
limited to as far as it satisfies the  Young's modulus. For example, it is
possible to employ a 24~JAN 2004 28 polyamide resin, a polyphenylene
sulfide resin, a polyether  nitrile resin, a polyimide resin and the like.
Further,  the resin for constituting the plain bearing may be  structured
such as add a reinforcement such as a carbon fiber, a glass fiber, a
potassium titanate whisker and the  like and a lubricant such as a
molybdenum and the like as  far as it satisfies the Young's modulus. .Fig.
11 shows the other embodiment of a plain bearing in the case of employing a
resin having a Young's modulus  1600 kgf/mm2 or more. In this embodiment,
the inner  peripheral surface is formed in the sliding surface 41  being in
parallel in an axial direction and both end  surfaces are formed so as to
be brought into contact with  the circular sliding plates 25 and 27 in
response to the  incline of the plain bearing in the same manner as that of
the embodiment shown in Fig. 4. That is, as is apparent  from the drawing,
both end surfaces of a plain bearing 1E  is formed in a taper-like or
circular arc-shaped inclined  surface 9 in a radial direction from the
center portion of  



the shaft toward the outer peripheral surface and a flange  12 is formed in
the outer peripheral edge portion. Accordingly, since the structure is the
same as that  of the plain bearing 1A shown in Fig. 4 except the shape of
the inner peripheral surface, the description about the  plain bearing 1A
can be applied to a method of pressure- fitting and mounting the plain
bearing 1E into the sleeve  13 and a structure that the flange 12 can be
omitted. 29 24 JAN Further, since the structure of -assembling the plain
bearing 1E as the pinch roller is the same as that of the  plain bearings
1, IA, 1B, 1C and ID, it is possible to  apply the description in Figs. 2,
5 and 10. Accordingly, a  detailed description will be omitted in order to
avoid a  repeated description. Further, also in the plain bearing employing
the resin having the Young's modulus 1600 kgf/mm2 or more, it is possible
to apply the shape of the plain bearing  described with respect to Figs. 7
to 9. That is, the plain  bearings 1D and 1E may be constituted by the
inner cylinder  .and the outer cylinder and may be formed in a shape in
which a gap open to at least one end surface is provided  between the inner
cylinder and the outer cylinder. Also in  the case that the hollow gap is
provided between the inner  cylinder and the outer cylinder, since the
plain bearings  1D and 1E are made of the resin having the Young's modulus
1600 kgf/mm2 or more, they are not different in an elastic  function
between the hollow gap portion and the non-gap  



portion, so that a bending amount of the plain bearing  becomes
substantially fixed between a time when the inner  peripheral surface of
the hollow gap portion in the plain  bearing is brought into contact with
the roller shaft and a  time when the inner peripheral surface of the
non-gap  portion in the plain bearing is brought into contact with  the
roller shaft. Accordingly, it is possible to secure a  stable movement of
the tape without increasing a wow and 30 24 JA flutter due to a zigzag
movement of the tape or a vertical  movement thereof. Further, since the
plain bearings 1D and 1E are made  of the self-lubricating resin having.the
Young's modulus  1600 kgf/mm' or more and having no resin elastic
operation,  the plain bearings 1D and 1E not deformed even when both end
surfaces of the bearings are brought into contact with.  the circular.
sliding plates 25 and 27. Accordingly,  restriction of the incline of the.
plain bearings 1D and 1E  can be securely performed, and the self-aligning
function  can be smoothly performed. Further, it is possible to apply the
shape of the  bearing described in Figs. 1 to 6 to the shape of the plain
bearings 1D and 1E. That is, the structure may be made  such as to form a
sliding surface corresponding to a linear  parallel surface having a fixed
clearance with respect to  the pinch roller shaft in a center portion of
the inner  peripheral surface of the plain bearing and form a taper- like
or circular arc-shaped sliding surface which gradually  



expands in a radial direction from both end portions of the  sliding
surface toward the end surface of the bearing.  Since the operation and
effect of the structure mentioned  above have been already described in
detail, the  description will be omitted. INDUSTRIAL APPLICABILITY As
mentioned above, the pinch roller apparatus in  accordance with the present
invention is suitable for being 31 24 JAN 2004 used as the pinch roller
apparatus for the video tape recorder, the pinch roller apparatus for the
audio tape  recorder and the like, and the pinch roller apparatus  widely
used for the tape driving apparatus. 32 2 4 JAN 2004 WHAT IS CLAIMED IS: -
1. A pinch roller apparatus 'comprising.: a pinch roller shaft having one
end fixed to an arm;  a pinch roller main body provided with a rubber-like
elastic body on an outer periphery of a sleeve.,  said pinch roller main
body being mounted to the pinch roller  shaft via a plain bearing; and
..said pinch roller main body being pressed to a  capstan by moving said
arm, wherein a circular sliding plate brought into contact  with an upper
end surface and a lower end surface of said  plain bearing is mounted to
said pinch roller shaft, and  



when setting a length of an axial gap between the circular  sliding plate
brought into contact with the upper end  surface of the plain bearing and
the plain bearing to A and  a length of an outer diameter of the circular
sliding plate to B, the structure is made such as to satisfy a relation
0.007 < A/B < 0.06. 2. A pinch roller apparatus as claimed in claim 1,
wherein when setting a clearance in a diametrical direction  between said
pinch roller shaft and said sliding surface of the plain bearing to X and
an effective length of the  sliding surface of the plain bearing to y, it
is preferable  to structure so as to satisfy the relation X/Y ? 0.052. 3. A
pinch roller apparatus as claimed in claim 1, or , .2.,  wherein the
circular sliding plate brought into contact  with the upper end surface of
the plain bearing among said 33 24; JAN 201 circular sliding plates is
fixed by an end cap mounted to a  front end portion of the pinch roller
shaft. 4. A pinch roller apparatus as claimed in claim 1 or 2,  wherein the
circular sliding plate brought into contact with the upper end surface of
the plain bearing among said  circular sliding plates is integrally formed
with an end  cap mounted to a front end portion of the pinch roller  shaft.
5. A pinch roller apparatus as claimed in any one of  claims 1 to 4,
wherein said plain bearing is made of a  self-lubricating resin. 6. A pinch
roller apparatus as claimed in any one of  



claims 1 to 5, wherein-said plain bearing is structured  such that a
substantially whole of the inner peripheral  surface is formed in a sliding
surface in parallel to an  axial direction. 7. A pinch roller apparatus as
claimed in any one of  claims 1 to 5, wherein said plain bearing forms a
sliding  surface which is in parallel to an axial direction of the  plain
bearing at a center portion of the inner peripheral  surface and forms a
taper-like non-sliding surface which  gradually expands in a radial
direction from both end  portions of said sliding surface toward the end
portion of  the plain bearing. 8. A pinch roller apparatus as claimed in
any one of- claims 1 to 5, wherein said plain bearing forms a sliding
surface which is in parallel to an axial direction of the  34 24 JAN 2004
plain bearing at a center portion of the inner peripheral  surface and
forms a circular arc-shaped non-sliding surface  which gradually expands in
a radial direction from both end  portions of said sliding surf-ace toward
the end portion of the plain bearing. 9. A pinch roller apparatus as
claimed in claim 7 or 8,  wherein a length of said sliding surface is set
to 10 to  30 % a length in an axial direction of the plain bearing.  10. A
pinch-roller apparatus as claimed in any one of  claims 1 to 5, wherein
said plain bearing is constituted by  an inner cylinder and an outer
cylinder, is provided with a  



hollow gap open to at least one end surface between said  inner cylinder
and said outer cylinder, forms a sliding  surface which is in parallel to
an axial direction of the  plain bearing at a center portion of the inner
peripheral  surface, and forms a taper-like non-sliding surface which
gradually expands in a radial direction from both end  portions of said
sliding surface toward the end portion of  the plain bearing. 11. - A pinch
roller apparatus as claimed in any one of  claims 1 to 5, wherein said
plain bearing is constituted by  an inner cylinder and an outer cylinder,
is provided with a  hollow gap open to at least one end surface between
said  inner cylinder and said outer cylinder, forms a sliding  surface
which is in parallel to an axial direction of the  plain bearing at a
center portion of the inner peripheral  surface, and forms a circular
arc-shaped non-sliding JAN 2004 35  surface which gradually expands An a
radial direction from  both end portions of said sliding surface toward the
end Portion of the plain bearing. 12-' A pinch roller apparatus -as claimed
in claim 10 or 11,  wherein said hollow gap extends in an axial direction,
is  open at one end surface of the plain bearing and Is closed at another
end surface. 13. A pinch roller apparatus as claimed in claim 10 or 11,
wherein said hollow gap extends in an axial 'direction., is open at both
end surfaces of the plain bearing.  



A pinch roller 14 apparatus As claimed In any one of  caims 10 to 13,
wherein a length of said sliding surfaced  i set to 10 to 30 a length in an
axial direction of the  plain bearing. 15. A pinch roller apparatus
comprising: a pinch roller shaft having one end fixed to an arm;. a pinch
roller main body provided with a rubber-like  elastic body on an outer
periphery of a sleeve, said pinch  roller main body being mounted to the
pinch roller shaft via  -a plain bearing; and an upper circular sliding
plate mounted to the pinch  roller shaft for contact with, an -upper end;
surface of said  plain bearing and a lowr circular sliding plate mounted to
the pinch roller shaft for contact with a lower end surface  of said plain
bearing; wherein said pinch roller main body is operable to be pressed to a
capstan b moving said arm;  by both said end surfaces of said plain bearing
-are  provided with a taper-like or circular arc-shaped inclined 36 24 JAN
2004 surface in a radial direction from a center portion of the  shaft
toward an outer peripheral surface; and the inclined surfaces of the end
surfaces are able to be  brought into contact with the upper and lower
circular  sliding plates respectively, when the plain bearing is  inclined.



16. A pinch roller apparatus as claimed in claim 15,  -wherein when setting
a length of an axial gap between the  circular sliding plate brought into
contact with the- upper  end surface of the plain bearing and-the plain
bearing to, A and a length of an outer diameter of the circular sliding
plate--to B, the structure is made-such as to satisfy a  relation 0.-007 C
A/B C 0.06. 17. A pinch roller apparatus as claimed in claim 15 or 16,
Wherein when setting a clearance in a diametrical direction  between said
pinch roller shaft and said sliding surface of  the plain bearing to X and
an effective length of the sliding surface of the plain bearing to Y, it is
preferable  to structure so as -to satisfy the relation X/Y 0.052. -18. A
pinch roller apparatus as claimed in any one of  claims 15 to 17, wherein
the circular sliding plate brought  into contact with the upper end surface
of the plain  bearing among said circular sliding plates is fixed by an end
cap mounted to a front end portion of the pinch roller  shaft. 19. A pinch
roller apparatus as claimed in any one of  claims 15 to 17, wherein the
circular sliding plate brought  into contact with the upper end surface- of
the plain  bearing among said -circular sliding plates is integrally
formed- with an end cap mounted to a front end portion of  the pinch roller
shaft. 37 2 4 JAN 2004 20. A pinch roller apparatus as claimed in any
one-of  claims 15 to 19, wherein said plain bearing is made of a  



self-lubricating resin. 21. A pinch roller apparatus as claimed in any one
of  claims 15 to 20, wherein said plain bearing is structured  such that a
substantially whole of the inner peripheral  surface is formed in a sliding
surface in parallel to an  axial-direction. 22. A pinch roller apparatus as
claimed in any one of  claims 15 to 20, wherein said plain bearing forms a
sliding  surface which is in parallel to an axial direction of the  plain
bearing at a center portion of the inner peripheral  surface and forms a
taper-like non-sliding surface which  gradually expands in a radial
direction from both end  portions of said sliding surface toward the end
portion of  the plain bearing. 23. A pinch roller apparatus as claimed in
any one of  claims 15 to 20, wherein said plain bearing forms a sliding
surface which is in parallel to an axial direction of the  plain bearing at
a center portion of the inner peripheral  surface and forms a circular
arc-shaped non-sliding surface  which gradually expands in a radial
direction from both end  portions of said sliding surface toward the end
portion of  the plain bearing. 24. A pinch roller apparatus as claimed in
claim 22 or 23,  wherein a length of said sliding surface is set to 10 to
30 % a length in an axial direction of the plain bearing. 38 2 4 JAN 2004
25. A pinch roller apparatus as claimed in any one-of claims 15 to 20,
wherein said plain bearing is constituted  



by an inner cylinder and an outer cylinder, is provided  with a hollow gap
open to at least one end surface between  said inner cylinder and said
outer cylinder, forms a- sliding surface which is in parallel to an axial
direction of the plain bearing at a center portion of the inner  peripheral
surface, and forms a taper-like non-sliding  surface which gradually
expands in a radial direction from both end portions of said sliding
surface toward the end  portion of the plain bearing. 26. A pinch roller
apparatus as claimed in any one of  claims 15 to 20, wherein said plain
bearing is constituted  by an inner cylinder and an outer cylinder, is
provided  with a hollow gap open to at least one end surface between  said
inner cylinder and said outer cylinder, forms a  sliding surface which is
in parallel to an axial direction  of the plain bearing at a center portion
of the inner  peripheral surface, and forms a circular arc-shaped non-
sliding surface which gradually expands in a radial  direction from both
end portions of said sliding surface  toward the end portion of the plain
bearing. 27. A pinch roller apparatus as claimed in claim 25 or 26,
wherein said hollow gap extends in an axial direction, is  open at one end
surface of the plain bearing and is closed  at another end surface. 28. A
pinch roller apparatus as claimed in claim 25 or 26, k  39 2 4 JAN 2004  



wherein said hollow gap extends in an axial --direct iorr, is open at both
end surfaces of the plain bearing. 29. A pinch roller apparatus as claimed
in any one of  claims 25 to 28, wherein a length of. said sliding surface
is set to 10 to 30 % a length in an axial direction of the  plain bearing.
30. A pinch roller apparatus comprising: .a pinch roller shaft having one
end fixed to an arm;  a pinch roller -main body provided with a
rubber-like elastic body on an outer periphery of a sleeve,  said pinch
roller main body being mounted to the pinch roller  shaft via a plain
bearing; and said pinch roller main body being pressed to a  capstan by
moving said arm, wherein a substantially whole of an inner peripheral
surface of said plain bearing is formed in a sliding  surface which is in
parallel to an axial direction, a circular sliding plate brought into
contact with  both of an upper end surface and a lower end surface of  said
plain bearing is mounted to said pinch roller shaft,  and when setting a
length of an axial gap between the  circular sliding plate brought into
contact with the upper  end surface of the plain bearing and the plain
bearing to A  and a length of an outer diameter of the circular sliding
plate to B, the structure is made such as to satisfy a  relation 0:007
[err] A/B [err] 0.06. 31. A pinch roller apparatus as claimed in claim 30,
40 2 4 JAN 2034 



wherein when setting a clearance in a diametrical direction  between said
pinch roller shaft and said sliding surface of  the plain bearing to X and
an effective length of the sliding surface of the plain bearing-to Y, it is
preferable to structure so as to satisfy the relation X/Y [err]~0.052. 32.
A pinch roller apparatus as claimed in claim 30 or 31, wherein the circular
sliding plate brought into contact  with the upper end surface of the plain
bearing among said  circular sliding plates is fixed by an end cap mounted
to a  front end portion of the pinch roller shaft. 33. A pinch roller
apparatus as claimed in claim 30 or 31,  wherein the circular sliding plate
brought into contact  with the upper end surface of the plain bearing among
said  circular sliding plates is integrally formed with an end  cap mounted
to a front end portion of the pinch roller  shaft. 34-. A pinch roller
apparatus as claimed in any one of  claims 30 to 33, wherein said plain
bearing is made of a  self-lubricating resin. 35. A pinch roller apparatus
as claimed in any one of  claims 30 to 34, wherein said plain bearing is
constituted  by an inner cylinder and an outer cylinder, is provided  with
a hollow gap open to at least one end surface between  said inner cylinder
and said outer cylinder. 36. A pinch roller apparatus as claimed in claim
35,  wherein said hollow gap extends in an axial direction, is  open at one
end surface of the plain bearing and is closed 41 214, JAN 2004 



at another end surface. 37. A pinch roller apparatus as claimed in claim
36,  wherein said hollow gap extends in an axial direction, is  open at
both end surfaces of the plain bearing. 38. A pinch roller apparatus
comprising: a pinch roller shaft having one end fixed to an arm;  a pinch
roller main body provided with a rubber-like  elastic body on an outer
periphery of a sleeve, said pinch  roller main body being mounted to the
pinch roller shaft  via a plain bearing; and said pinch roller main body
being pressed to a  capstan by moving said arm, wherein said plain bearing
is made of a self- lubricating resin having Young's modulus 1600 kgf/mm2 or
more, and a circular sliding plate brought into contact  with an upper end
surface and a lower end surface of said  plain bearing is mounted to said
pinch roller shaft. 39. A pinch roller apparatus as claimed in claim 38,
wherein said self-lubricating resin is constituted by a  polyamide resin, a
polyphenylene sulfide, a polyether  nitrite resin, a polyimide resin and
the like. 40. A pinch roller apparatus as claimed in claim 38 or 39,
wherein when setting a length of an axial gap between the  circular sliding
plate brought into contact with the upper  end surface of the plain bearing
and the plain bearing to A  and a length of an outer diameter of the
circular sliding  plate to B, the structure is made such as to satisfy a 42
2 4 JAN 2004 



relation 0.007 C A/B C 0.06. 41. A pinch roller apparatus as claimed in any
one of  claims 38 to 40, wherein when setting a clearance in a  diametrical
direction between said pinch roller shaft and  said sliding surface of the
plain bearing to X and. an  effective length of the sliding surface of the
plain  bearing to Y, it is preferable to structure so as to  satisfy the
relation X/Y ? 0.052. 42. A pinch roller apparatus as claimed in any one of
claims 38 to 41, wherein the circular sliding plate brought  into contact
with the upper end surface of the plain  bearing among said circular
sliding plates is fixed by an  end cap mounted to a front end portion of
the pinch roller  shaft. 43. A pinch roller apparatus as claimed in any one
of  claims 38 to 41, wherein the circular sliding plate brought  into
contact with the upper end surface of the plain  bearing among said
circular sliding plates is integrally  formed with an end cap mounted to a
front end portion of  the pinch roller shaft. '44. A pinch roller apparatus
as claimed in any one of  claims 38 to 43, wherein said plain bearing forms
a sliding  surface which is in parallel to an axial direction of the  plain
bearing at a center portion of the inner peripheral  surface and forms a
taper-like non-sliding surface which  gradually expands in a radial
direction from both end  portions of said sliding surface toward the end
portion of 43 the plain bearing. 



2 4 JAN 2004 45. A pinch roller apparatus as claimed in any one of  claims
38 to 43, wherein said plain bearing forms a sliding  surface which is in
parallel to an axial direction of the  plain bearing at a center portion of
the inner peripheral  surface and forms a circular arc-shaped non-sliding
surface Which gradually expands in a radial direction from both end
portions of said sliding surface toward the end portion of  the plain
bearing. 46. A pinch roller apparatus as claimed in any one of  claims 38
to 43, wherein said plain bearing is constituted  by an inner cylinder and
an outer cylinder, is provided  with a hollow gap open to at least one end
surface between  said inner cylinder and said outer cylinder, forms a
sliding surface which is in parallel to an axial direction  of the plain
bearing at a center portion of the inner  peripheral surface, and forms a
taper-like non-sliding  surface which gradually expands in a radial
direction from  both end portions of said sliding surface toward the end
portion of the plain bearing. 47. A pinch roller apparatus as claimed in
any one of  claims 38 to 43, wherein said plain bearing is constituted  by
an inner cylinder and an outer cylinder, is provided  with a hollow gap
open to at least one end surface between  said inner cylinder and said
outer cylinder, forms a  sliding surface which is in parallel to an axial
direction  of the plain bearing at a center portion of the inner  44 24 JAN
2004 



peripheral surface, and forms a circular arc-shaped non- sliding surface
which gradually expands in a radial .direction from both end portions of
said sliding surface  toward the end portion of the plain bearing. 48. A
pinch roller apparatus as claimed in any one-of  claims 44 to 47, wherein a
length of said sliding surface  is set to 10 to 30 % a length in an axial
direction of the  plain .bearing. 49. A pinch-roller apparatus as claimed
in any one of  claims 38 to 43, wherein an inner peripheral surface of
said plain bearing is formed in a sliding surface which is  in parallel to
an axial direction substantially at a whole  portion. 50. A pinch roller
apparatus as claimed in any one of  claims 38 to 43, wherein said plain
bearing is constituted  by an inner cylinder and an outer cylinder, is
provided  with a hollow gap open to at least one end surface between  said
inner cylinder and said outer cylinder, and an inner  peripheral surface of
said plain bearing is formed in a sliding surface which is in parallel to
an axial direction  substantially at a whole portion.  45 ABSTRACT 2 4 JAN
2004 A pinch roller apparatus which can stably move a tape  in accordance
with a sufficient self-aligning function is - provided. A circular sliding
plate brought into contact with both of an upper end surface and a lower
end surface  



of a plain bearing is mounted to a pinch roller shaft so as  to restrict an
incline of the plain bearing. When setting  a length of an axial gap
between the circular sliding plate  brought into contact with the upper end
surface of the  plain bearing and the plain bearing to A and a length of an
outer diameter of the circular sliding plate to B, the  structure is made
such as to satisfy a relation 0.007 A/B c 0.06. Further, when setting a
clearance in a  diametrical direction between the pinch roller shaft and
the sliding surface of the plain bearing to X and an  effective length of
the sliding surface of the plain  bearing to Y, it is preferable to
structure so as to  satisfy the relation X/Y ? 0.052.  




