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I nvention relates generally to a tractor for use in delivering
such as a printer or the Ilike,

and
In

conti nuous

The present invention relates generally to a tractor
for use in delivering continuous paper in a printing device,
such as a printer or the like, and also to a continuous paper
feed mechanism using such a tractor. 1In particular, the present
invention relates to a tractor capable of conveying, both in the
forward and in the reverse direction, continuous paper when the
width thereof varies due to a change in temperature, humidity
or the like.

paper feed mechanism using such a tractor.

The present invention also relates to a continuous

Generally, a tractor which includes aﬂ.endless pin
belt with arrays of pins thereon is constructed and arranged so
that holes formed on the two sides of the continuous paper
engage the pins of the pin belt to feed the continuous paper.
If the width of the continuous pqper increases or decreases due
to a change in temperature, humidity or the like when the
position of the tractor (that is, the pin belt) is fixed, the
holes of the continuous paper cannot properly engage the pins
of the tractor, resulting in an inability to properly feed the
continuous paper.

1-271344

(Heisei) describes a proposed tractor that attempts to solve the

Japanese Patent Laid-Open Publication No.
heretofore mentioned problem. FIG. 9 depicts a plan view of the
tractor described in Japanese Patent Laid-Open Publication No.
1-271344 (Heisei). '

Shown in FIG.
and a frame member 3 which is slidably mounted onto drive shaft
1 and guide shaft 2.
member 3 and is slidably mounted onto drive shaft 1 and guide
‘shaft 2.
shown in FIG. 9, by a spring 5 interposed between frame member

9 is a drive shaft 1, a guide shaft 2
A tractor 4 is positioned within frame

Tractor 4 is forced in the direction of arrow Xl, as

3 and tractor 4.
side portions of continuous paper 6.

Holes 6a are respectively formed on the two
Tractor 4 also includes

a pin belt, with a plurality of pins 4a disposed thereon. Pins
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Cenerally, a tractor which includes an endless pin belt with arrays of pins
thereon i's constructed and arranged so that holes forned on the two sides
of the continuous paper engage the pins of the pin belt to feed the
continuous paper. If the width of the confiauous paper increases or
decreases due to a change in tenperature, humdity or- the |ike when the
position of the tractor (that is, the pin belt) is fixed, the hol es of the
conti nuous paper cannot properly engage the pins of the tractor, resulting
in an inabal iare teoligrogsbrand f meshédewith holes 6a to convey continuous

paper 6 in a sheet feeding direction. A cover plate 4¢b is
provided for guiding continuous paper 6 and loosely holding the
side portion 6b of continuous paper 6 between the pin belt and
cover plate 4b. Cover plate 4b has an elongated hole 4c formed
therein that allows pins 4a to extend therethrough. A lock
mechanism 7 selectively secures frame member 3 to guide shaft
2, so that frame member 3 can be prevented from sliding.

Although FIG. 9 depicts only the left tractor, the
right tractor is identical to the tractor of FIG. 9 except to
the extent that the right tractor does not lnclude frame member
3 and spring 5. The right tractor is also fixed to guide shaft
2.

In this arrangement, spring S5 constantly applies
tension to continuous paper 6, Gausing tautness in continuous
paper 6 in the widthwise direction. Therefore, even if the
width W of continuous paper 6 increases or decreases due to a
change in temperature, humidity or the like, the increase or
decrease is compensated by the sliding of tractor 4 along drive
shaft 1 and guide shaft 2 and the two side edge portions 6b of
continuous paper 6 are kept parallel to each other. In this
manner, continuous paper § can be conveyed in the forward or
reverse direcétion.

The conventional tractor employing the structure
described above has the following problem. When the width W of
the continuous paper increases or decreases while the two sides
edge portions 6b of continuous paper 6 remain parallel to each
other, the paper increase or decrease in the widthwise direction
is compensated by sliding tractor 4 horizontally so that
continuous paper 6 can be properly conveyed. However, in some
instances, the width of the continuous paper does not uniformly
increase or decrease in such a manner that the two side edge
portions 6b remain parallel, but rather, the side edge portions
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contlnuous paper. Japanese Patent Laid-Open Publication No. 1-271344

(Hei sei) ‘describes a proposed tractor that attenpts to solve the heretofore
menti-oned problem FIG 9 depicts a plan view of the tractor described in
Japanese Patent Laid-Open Publication Ng.31:271344 (Heisei). Shown in FIG
9 is adrive shaft 1, a guide shaft 2 and a frame nenber 3 which is
slidably nounted onto drive shaft 1 and guide shaft 2. A tractor 4 is
positioned within framne

6b vary in such a way that the continuous paper, when viewed
lengthwise, appears to taper. -

Although the conventional tractor will slide, the
tractor cannot accurately follow the variations in the paper
when the two side edge portions of the continuous paper taper.
As a result, holes 6a of continuous paper 6 may shift, causing
a misalignment between at least one pin 4a and at least one hole
6a, resulting in unreliable paper conveying, regardless of
whether it is in a forward or reverse direction.

The variation in width of the continuous paper may be
caused by a change in the temperature, humidity or the like.
Most frequently, the change' will occur because of the frequent
changes in temperature or humidity during the course of an
average day, week, etc. where the printer is operating. A
changé may also occur when the continuous paper supply is
transported from one environment with a set temperature and/or
humidity to another environment having a different temperature
and/or humidity. As will be explained below, because different
portions of the paper are exposed to different amounts of the
outside air, the paper, throughout a predetermined length, may
vary in width by a relatively large amount.

Reference is now made to FIGS. 10(a), (b) and FIG. 11
to more specifically illustrate the effect of having different
portions of the continuous paper exposed to different
temperature and/or humidity conditions.

As illustrated in FIG. 10(a), alignment is typically
made between a front end 6c of continuous paper 6 and the
conventional tractor of a conventional printing apparatus 8,
-while the remaining continuous paper portion 6d of continuous
paper 6 remains in a corrugated cardboard box 9, placed by way
of example, on the floor.

By way of example, an air conditioning unit may reduce
the humidity within the room that houses printing apparatﬁs 8.
The portion of continuous paper 6 between printing apparatus 8
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menber 3 and is slidably mounted onto drive shaft 1 and guide shaft 2.
Tractor 4 is forced in the direction of arrow X1, as shown in FIG 9, by a
spring 5 interposed between frane nenber 3 and tractor 4. Holes 6a are
respectively formed on the two side portigns of continuous paper 6. Tractor
4 also includes a pin belt, with a plurality 4a disposed thereon. Pins

and corrugated cardboard box 9 which is exposed to the air has
water being constantly evaporated therefrom, causing continuous
paper 6 to decrease in the widthwise direction. However, the
unused portion 6d of continuous paper 6, which remains in
corrugated cardboard box 9, is essentially not exposed to the
air, but for the end portion thereof. Accordingly, unused
portion 6d will have more moisture therein than the exposed
portion of continuous paper 6 and therefore may also be wider
than the exposed portions of the continuous paper.

In other words, the width of continuous paper 6
proximate to printing apparatus 8 may be narrower than the width
of continuous paper 6 within corrugated cardboard box 9.
Accordingly, as shown in FIG. 11, the width of continuous paper
6 may vary in a tapered manner from a wide portion to a narrow
portion. Y B '

As'noted above, variations in the nature of the taper
in the width of continuous paper can result when temperature
and/oxr humidity varies between the place storing the continuous
paper ‘and the location of the continuous paper where the
printing apparatus is ultimately located. Thus, for example,
if continuous paper 6 is stored in an area having an essentially
constant high temperature or humidity, in a warehouse for
example, then continuous paper 6 will absorb a relatively large
amount of water and the width of continuous paper 6 will
increase. However, if the expanded continuous paper 6 is then
used with printing apparatus 8 in an environment where the
temperature and/or humidity is 1low, such as in an air
conditioned facility; the portion of continuous paper 6
proximate to printing apparatus 8 will essentially immediately
begin drying because of the evaporation of moisture.
Accordingly, the width of continuous paper 6 will decrease.
However, unused portion 6d of continuous paper 6 located within
corrugated cardboard box 9 will not have moisture evaporate
therefrom at the same rate as the portion proximate to printing
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2 4a are aligned and neshed with holes 6a to convey continuous paper 6 in a

shéet fedding direction. A cover plate 4b is provided for guiding

contihuous paper 6 and | oosely hol ding the side portion 6b of continuous

paper 6 between the pin belt and cover plgte 4b. Cover plate 4b has an

el ongated hole 4c formed therein that allows pins 4a to extend

t heret hrough. A | ock mechani sm 7 sel ectively secures frame nmenber 3 to

gui de shaft 2, so that frame nenber 3 can be prevented from sliding.
apparatus 8 because only the end portion thereof is exposed to

the air. Therefore, the width of the paper in corrugated box
9 will not decrease as rapidly or as much as the portion
proximate to printing apparatus 8, and the width of continuous
paper 6 proximate to printing apparatus 8 will not equal the
paper width of continuous paper 6 within corrugated cardboard
box 9. Again, FIG. 11 illustrates a sheet of continuous paper
that varies in width. The paper width tapers from the wide
portion to the narrow portion and, hence, does not feed
properly.

When the width of continuous paper 6 varies in the
tapered manner as described above, the conventional tractor
cannot follow the width variations of continuous paper 6 and,
as further shown in FIG. 11, one or more holes 6a of continuous
paper 6 shift away from one or mpre pins 4a, which will result
in poor Qapei conveying.

Accordingly, it is desired to provide an improved

‘tractor having a construction which will allow continuous paper
to be accurately fed even if the width of the continuous paper
varies (either increases or decreases) in a tapered manner. It°
is also desired to provide an improved continuous paper feed
mechanism having a construction which uses such an improved
tractor construction.

Generally speaking, in accordance with the present
invention, a tractor for feeding continuous sheets of paper with
holes in the sides thereof includes at least one frame, a drive
pulley and a pin belt, the pin belt being arranged so that it
can incline with respect to a paper conveying direction. The
tractor further includes a cover plate which has an opening
formed to face said continuous paper delivery surface so that
a plurality of pins, formed on the pin belt, can extend
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Al't hough FIG 9 depicts only the left tractor, the right tractor is
identical to the tractor of FIG 9 except to the extent that the right
tractor does not include frane nmenber 3 and spring 5. The right tractor is
also fixed to guide shaft 2. In this arraggenent, spring 5 constantly
applies tension to continuous paper 6, causing tautness in continuous paper
6 in the widthw se direction. Therefore, even if the width Wof continuous

paper 6 increases or decreases due to a
therethrough. The opening in the cover plate increases in width

from a first end of the opening to a second end of the opening.

The tractor can also include at least 6ne guide surface for

guiding the pin belt, the at least one guide surface increasing

in width from a first end of said at least one guide surface to
"a second end of said at least one guide surface.

In a third embodiment, the tractor actually can pivot
about a predetermined axis so that the tractor can more
accurately convey the continuous paper in a paper conveying
direction.

Lastly, a continuous-paper feed mechanis; is provided
for feeding continuous sheets of paper with holes in the sides
thereof. The continuous paper feed mechanism includes a first
frame and a second frame positioned a predetermined distance
from the first frame, a drive shaft and a: guide member each
being disposéd between said first frame and said second frame,
and a first tractor and a second tractor, at least one of the
first and second tractors having a pin belt arranged so that the
pin belt can incline with respect to a paper conveying
direction.

Accordingly, it is an object of the present invention
to provide an improved tractor for use in a printing device.

It is another object of the present invention to
provide an improve tractor that can convey paper more easily and
accurately even though the width of the paper may vary due to
change in climate conditions.

Still further, it is an object of the present
invention to provide an improved continuous sheet feed mechanism
that has a simple construction.

Yet further, it is an object of the present invention
to provide an improved successive sheet feed mechanism that can
convey paper more easily even though the width of the paper may
vary due to change in climate conditions.

This Sheet as Been

N



change .in tenperature, hunmdity or the like, the increase or decrease is
conpensated by the sliding of tractor 4 along drive shaft 1 and guide shaft
2 and the two side edge portions 6b of continuous paﬁ@rssﬁeeaﬂﬁdé&me

al | el
to each other. In this manner, continuqug paper 6 can n t he
forward or reverse direction. The conventi onal tractor

structure descri bed above has the foll ow ng problem VMen t W of

t he conti nuous paper increases or decreases while the two S|des
Still other objects and advantages of the invention

will in part be obvious and will in part be apparent from the
specification and drawings.

The invention accordingly comprises the several steps
and the relation of one or more of such sﬁeps with respect to
each of the others, and the article possessing the features,
properties and the relation of elements, which are exemplified
in the following detailed di§closure, and the scope of the

invention will be indicated in the claims.

For a fuller understanding of the invention, reference
is had to the following description taken in connection with the
accompanying drawings, in which:

FIG. 1 is a plan view pf a tractor in accordance with
a first embodiment of the present invention;

FIG. 2(a) is a side view of the tractor in accordance
with the first embodiment of the present invention;

' FIG. 2(b) is a cross-sectional view of the structure
of the tractor taken along line 2b-2b in FIG. 2(a):;

FIG. 3 is a plah view of a sheet of continuous paper
which is conveyed in a paper conveying direction showing how the
width thereof can vary;

FIG. 4 is a plan view of a sheet of continuous paper
which is conveyed in a paper conveying direction showing an
alternate way in which the width thereof can vary;

FIG. 5 is a plan view showing how the pin belt can
pivot so as to be inclined to the normal paper feed direction
during the operation of the tractor constructed in accordance
with the first embodiment of the invention;

FIG. 6 is a plan view of a tractor in accordance with
a second embodiment of the present invention;

FIG. 7(a) is a side view of the tractor in accordance
with a third embodiment of the present invention;



edge portions 6b of continuous paper 6 remain parallel to each other, the
paper increase or decrease in the widthwi se direction is conpensated by
sliding tractor 4 horizontally so that continuous paper 6 can be properly
conveyed. However, in sone instances, thegw-dth of the continuous paper
does -not uniformy increase or decrease in such a manner that the two side
edge portions 6b remain parallel, but rather, the side edge portions

FIG. 7(b) is a cross-sectional view of the structure
of the tractor taken along the line 7b-7b in FIG. 7(a);

FIG. B is a plan view of a continuous paper feed
mechanism in accordance with the invention;

FIG. 9 is a plan view of a conventional tractor in
accordance with the prior art;

FIG. 1l0(a) is a side view of a conventional printer
illustrating the standard operation in which the continuocus
paper is generally used;

FIG. 10(b) is a rear view of a conventional printer
illustrating the standard operation in which the continuous
paper is generally used; and

FIG. 11 is a plan view of a conventional tractor

during a paper feed operation in accordance with the prior art.

Reference is first made to FIGS. 1, and 2(a) and 2(b)
of the drawings which depict a tractor, generally indicated at
10, constructed in accordance with a first embodiment of the
present invention.

Tractor 10 includes an endless type pin belt 11, a
main frame 13, a sub-frame 14, a drive pulley 15, a lock lever
18, and a cover plate 19 shown in the open position. Main frame
13 and sub-frame 14 are fixedly connected to each other by
connecting means (not shown) such as a bonding agent or the
like, and main frame 13 and sub-frame 14 are slidably mounted
as a unit on drive shaft 16 and guide shaft 17. It is to be
noted that although reference will be made to tractor 10, a
second tractor must also be employed for the continuous sheet
feed mechanism to properly operate, although the second tractor
need not be identical to tractor 10, as will be discussed below
with reference to FIG. 8. Further, drive shaft 16 and guide
shaft 17 are both supported by a pair of spaced side frames (not
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3°6b vary in such a way that the continuous paper, when viewed | engthw se,
appears t'o taper.. Although the conventional tractor will slide, the tractor
cannot accurately follow the variations in the paper when the two side edge
portions of the continuous paper taper. Ay a result, holes 6a of continuous
paper 6 may shift, causing a msalignnent between at least one pin 4a and
at | east one hole ' '

shown), as will also be described below with reference to FIG.
8.

As further disclosed in FIG.fZ(b), main frame 13
includes hole 13d and sub-frame 14 includes hole 14d. Drive
shaft 16 is inserted through holes 13d and 14d. Drive pulley
15 is rotatably mounted between main frame 13 and sub-frame 14
and is provided with hubs 15a on each side which extend into
holes 13d and 14d.

Drive pulley 15 is formed with a central bore 15b
therethrough for receipt of drive shaft 16 and is constructed
and arranged to slide relative: to drive shaft 16. “Drive pulley
15 is formed with a pair of inwardly projecting tabs 15c¢ which
are received in longitudinally extending grooves l1l6a in drive
shaft 16, so that drive pulley 15 is rotationally driven by
drive shaft 16. ) s

Main frame 13 and sub-frame 14 are respectively formed
with a hole 13e and a mating tubular portion l4e, through which
guide shaft 17 can be inserted. A tubular member 18a,
integrally formed with a lock lever 18, is fitted into hole 13e
and tubular portion l4e, and guide shaft 17 is inserted through
tubular member 18a. Tubular member 18a is formed eccentrically.
In this configuration, if lock lever 18 is rotated clockwise,
as illustrated by arrow al in FIG. 2(a), then lock lever 18
engages main frame 13, sub-frame 14 and guide shaft 17 to lock tractor
10 onto guide shaft 17. Likewise, if lock lever 18 is rotated
counterclockwise, as illustrated by arrow a2, then lock lever 18
releases the engagement between tractor 10 and guide shaft 17
to allow tractor 10 to slide relative to guide shaft 17.

One end of the continuous pin belt 11 extends around
a central region formed with spaced, outwardly projecting teeth
15d for mating Qith teeth on pin belt 11, and the portion of the
pin belt coupled to the continuous paper is preferably
rotationally driven in the direction of arrow cl in FIG. 2(a).
A semi-tubular guide portion 14f is formed in sub-frame 14 to
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64, resultlng I n unreliable paper conveying, regardless of whether it is in
a formard or reverse direction. The variation in wdth of the continuous
paper~ may be caused by a change in the tenperature, humdity or the I|ike.
Most frequently, the change wi |l occur beggquse of the frequent changes in
tenperature or humidity during the course of an average day, week, etc.
where the printer is operating. A change may al so occur when the
continuous paper supply is transported fromone environment with a set

t enper at uigaigied/thle other end of continuous pin belt 11. Alternatively,

' a driven pulley can be provided instead of the above-mentioned
semi-tubular guide portion l4e for guiding the other end of pin
belt 11.

Pin belt 11 has an outer surface with an array of
substantially conical (i.e., bullet-shaped) pins 12 thereon.
In this way, the holes formed in the continuous paper can engage
with pins 12 so the continuous paper can be conveyed in paper
conveying direction cl in FIGS. 1 and 2b. On the inner surface
of pin belt 11 are teeth 1lla which can engage teeth 15d of drive
pulley 15. B

As illustrated in FIG. 1, the lateral range of

- displacement of pin belt 11 is restricted in a direction
perpendicular to the paper conveying direction arrow cl as it
rotates. On the one hand, pin,belt 11 is, restricted by the
contact with inner surface 13g on main frame 13 and inner
surface l4g provided on sub-frame 14. On the other hand, as pin
belt 11 revolves around drive pulley 15, it is restricted by the
contact with inner surface 13h on main frame 13 and inner
surface 14h on sub-frame 14.

Accordingly, a relationship can be established between
pin belt 11, main frame 13 and sub-frame 14. As shown in FIGS.
1 and 2, "x" is the width of pin belt 11, "y" is the distance
between inner surface 13g on main frame 13 and inner surface l4g
of sub-frame 14, and "z" is the distance between inner surface
13h of main frame 13 and inner surface 14h of sub-frame 14. It
is clear that pin belt 11 can slide laterally a distance (y-x)
around guide portion 14f and a distance (z-x) around drive
pulley 15. It is to be noted that y-x is greater than z-x.
Therefore, pin belt 11 can incline with respect to the paper
conveying direction of the continuous paper. This incline is
facilitated by a sufficient slack in the mounting of pin belt
11.

This Sheet Has Been R

T



hum dity to another environment having a different tenperature and/ or

hum dity. As will be expl ained bel ow, because different portions of the
paper- are exposed to different amounts of the outside air, the paper,

t hroughout a predetermned Il ength, my vary in width by a relatively |arge
amount. Reference is now made to FIGS. 10(a), (b) and-FIG 11 to nore

specifically illustrate the effect of having different portions of the
conti nuous paper exposed to different tenperature and/or humdity
conditi ons. As further shown in FIG. 1, cover plate 19 is

constructed and mounted to main frame 13 so that it can open and
close. Specifically, main frame 13 is formed with a pair of
hinge portions 13a and cover 19 is formed with a pair of
corresponding hinge portions 19d. Each hinge portion 13c is
joined to a hinge portion 19d by means of a shaft 19b. FIG. 1
shows cover plate 19 in the open position. Cover plate 19 has
an opening 19a to allow pins 12 of pin belt 11 to extend
therethrough. Opening 19a has a shape in which the two side
edges 19c, 19c thereof are tapered. This corresponds to the
inclined range of movement of pin belt 11. ’

The setting of continuous paper into the tractor as
well as the operation of the tractor will now be described with
reference to FIGS. 1 to 3.

Continuous paper 6 is ,first set so that holes 6a of
continuous péper 6 (FIG. 3) can engage pins 12 of pin belt 11
(FIG. 1). Next, cover plate 19 is closed in order to prevent
holes 6a from disengaging with pins 12. If necessary, tractor
10 can be adjusted by releasing lock lever 18 from its locking
position, setting tractor 10, and thereafter locking lock lever
18.

Once cover plate 19 is closed and tractor 10 is
properly adjusted, pin belt 11 is ready for operation. A motor
(not shown) or the like drives drive shaft 16. Drive shaft 16
engages drive pulley 15. Pin belt 11 is then rotationally
driven by drive pulley 15. Hence, continuous paper 6 is fed in
a forward paper conveying direction. (See arrow cl of FIGS. 1,
2 and 3.) Likewise, if the motor rotates drive shaft 16 in the
opposite direction, then continuous paper 6 is fed in a reverse
paper conveying direction.

Each of the pins on pin belt 11 is substantially
conical. Accordingly, when the pin belt shifts due to the
change in width of the paper, there is no problem because round
holes 6a of the paper will almost always properly align with
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As |Ilustrated in FIG 10(a), alignnent is typically made between a front
end 6¢c of continuous paper 6 and the conventional tractor of a conventi onal
printi ng apparatus 8, while the remaini ng conti nuous paper portion 6d of
continuous paper 6 remains in a corrugategzcardboard box 9, placed by way
of exanple, on the floor. By way of exanple, an air cenditioning unit may
reduce the humdity within the roomthat houses printing apparatus 8. The

portion of continuous paper 6 between printing apparatus 8
pins 11. Accordingly, the shape of the pins or holes is not a

factor. What is important, as illustrated in FIG. 3, is that
if the width of continuous paper 6 increases or decreases, the
tapered portion 6b of continuous paper 6 reaches pins 12 of pin
belt 11 and a transverse force is applied to pins 12 so that
pins 12 can continually engage holes 6a of continuous paper 6.
Accordingly, pin belt 11 can incline and follow the tapered
portion of continuous paper 6. By way of example, FIG. 3
illustrates how the width of continuous paper 6 gradually
increases. Likewise, the width of continuous paper 6- can
gradually decrease (not shownj. As further showh in FIG. 4,
temperature and/or humidity conditions may cause only one side
of the continuous paper 6 to vary in width. However, if the
tractors disclosed in the present invention are used, any
variation in paper width can be agcommodated and accepted. This
also results in reducing the amount of paper that might
otherwise have to be discarded.

In accordance with the first embodiment, pin belt 11
is constructed and arranged to be freely inclinable with respect
to the paper conveying direction of continuous paper 6.
Therefore, if the width of continuous paper 6 increases or
decreases, pin belt 11 can follow any such increases or
decreases in continuous paper 6 by rotating accordingly. The
possibility that holes 6a of continuous paper 6§ will shift from
pins 12 of pin belt 11 is greatly reduced, resulting in more
reliable paper conveying.

Further, since the two side edges 19c¢, 19c of opening |
19a of cover plate 19 are tapered, the inclining operation of
pin belt 11 disclosed above is not hindered at all, and
continuous paper 6 can be conveyed in a forward or reverse paper
conveying direction between a continuous paper delivery surface
11b (see FIG. 1) of pin belt 11 and cover plate 19, which also
makes it possible to more accurately and reliably convey the
continuous paper. Stated another way, if the two side edges
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4 and corrugated cardboard box 9 which is exposed to the air has water
bel ng constantly evaporated therefrom causing continuous paper 6 to
decrease in the wi dthw se direction. -However, the unused portion 6d of
conti nuous paper 6, which remains in carpygated cardboard box 9, is
essentially not exposed to the ;

19¢, 19c of opening 19a did not taper but rather were parallel
to each other equal to the distance at the widest point when
tapered, then the distance between the two side edges 19c¢ and
19¢c in the region proximate to drive pulley 15 would be wider
than necessafy and would prevent cover plate 19 from properly
holding continuous paper 6.  Accordingly, the possibility that
cover plate 19 will not properly secure continuocus paper 6 is
essentially eliminated since the two side edges 19c and 19c¢ of
the opening 19a are in fact tapered.

A tractor constructed and arranged in accordance with
this first embodiment eliminates the critical positiéning of the
corrugated cardboard box. However, this problem is first discussed with
reference to the conventional tractor and printer in FIGS. 9,
10 & 11.

Referring to the conveptional printer in FIG. 10(a),
when front end 6c of the continuous paper is set in the tractor
of conventional printing apparatus 8, unused portion 6d of the
continuous paper remains stored in corrugated cardboard box 9
which is placed on the floor or the like. However, as shown in
FIG. 10(b), corrugated cardboard box 9 must be set so that a
center line 08 (accurately, a line passing between a pair of
tractors) of printing apparatus 8 is substantially coincident
with a center line 06 of continuous paper 6. If center lines
08 and 06 are not aligned with each other, then continuous paper
6 will be set at an angle relative to the tractor and thus there
will be poor alignment between the holes of the continuous paper
and the pins, resulting in poor paper conveying.

More specifically, if the distance between center
lines 08 and 06 is defined as &§ 1, the difference between the
diameter of a pin on the pin belt and the diameter of a
hole in the paper is defined as d, and the amount that hole 6a
can deform is A, then to ensure proper paper conveying, the
relationship § 1 < d + A must be satisfied. Because d and 1 are
small, it is apparent that it is very difficult to satisfy the
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air, byt for the end portion thereof. Accordi ngly, unused portion 6d w |
have nore noisture therein than the exposed portion of continuous paper 6
and therefore may also be wider than the exposed portions of the continuous
paper. In other words, the width of conti tdous paper 6 proximate to
printing apparatus 8 may be narrower than the width of continuous paper 6
wi thin corrugated cardboard box 9. Accordingly, as shown in FIG 11, the

wi dt h of continuous paper 6 nay vary in a tapered nmanner froma w de
“portion t Akovar¥ebpationship while aligning the corrugated cardboard box

9 and the paper.

However, as will now be described, using the tractor
of the present invention eliminates such need for precision.
Since pin belt 11 of tractor 10 is constructed and arranged to
incline freely, it is not necessary to set the corrugated
cardboard box 9 as severely as in the conventional tractor.

Referring to FIG. 5, the following relationships are
established as: '

(1) The maximum angle of inclination from the neutral
position of pin belt 11 is expressed as 6; -

(2) the length of pin belt 11 (precisely, the length
of pin belt 11 x cos 8) is expressed as Ll; and

(3) x’ = x/cos 9. :

Because x’ - x is very small comparxed to L1, tan 8 can
be expressed:

tan 8 = [ ( (y+z)/2 ) -x ]/L1.

Therefore, as shown in FIG. 10(a), when the length of
the continuous paper from the tractor to the corrugated
cardboard box 9 is expressed as L2, then the amount §2 of the
allowable shift in the transverse direction between the center
lines 08 and 06 in the present embodiment can be obtained from
the following equation: '

§ 2 =12 x tan 8 + d + A.

Since L2 is very large with respect to L1, the amount
of the allowable shift & 2 in the present embodiment is
considerably larger than the amount of the allowable shift § 1
in the conventional tractor.

Therefore, by using tractor 10 of the present
embodiment instead of a conventional tractor, there is very
little criticality in the placement of the corrugated cardboard
box 9 and ultimately the paper alignment.
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portion. As noted above, variations in the nature of the taper in the width
of " conti nuous paper can result when tenperature and/or humidity varies

bet ween the place storing the continuous paper and the |ocation of the
continuous paper where the printing apparddus is ultimately | ocated. Thus,
for exanple, if continuous paper 6 is stored in an area having an
essentially constant high tenperature or humdity, in a warehouse for

exanpl e, then continuous paper. 6 will absorb a relatively |arge
Reference is now made to FIG. 6, disclosing a tractor,

shown generally at 20, in accordance with a second embodiment
of the invention.

Tractor 20, in accordance with the second embodiment,
shows an alternate construction and arrangement of a main frame
23 and a sub-frame 24, and the remaining portions thereof are
essentially similar in structure to those in the previously
described first embodiment. Therefore, in FIG. 6, the parts of
the second embodiment similar in structure to those in the first
embodiment are respectively given the same reference numerals
and the description thereof is omitted here. o

Main frame 23 and sub-frame 24 of tractor 20 include
inner surfaces 23g and 24g, respectively. Inner surfaces 23g
and 24g are tapered guide surfaces slidingly contactable with
the side surfaces of the pin belt 11. JFurthermore, inner
surfaces 23g and 24g are inclined to the maximum angle which pin
belt 11 can incline to assist in the guiding of pin belt 11.

Tractor 20 operates similarly and has the same
advantages as tractor 10 in the first embodiment. 1In addition,
because guide surfaces 23g and 24g are tapered, the inclined pin
belt 11 is guided by guide surfaces 23g and 24g so that the
continuous paper can be conveyed both accurately and reliably.

Reference is now made to FIG. 7, disclosing a tractor,
shown generally at 30, in accordance with a third embodiment of
the invention. In this third embodiment, the entire tractor 30
can incline. Like reference numerals are used for like elements
in prior embodiments.

Tractor 30 includes a pin belt 11, a main frame 33,
a sub-frame 34, a drive pulley 35, and a cover plate 19°’.
Because tractor 30 can incline, the cover plate can be formed
of a similar construction to the conventional cover plate (with
an elongated slot having parallel rather than tapered sides).

Drive pulley 35, similar to drive pulley 15 (FIG. 2),
is formed with laterally extending hubs respectively extending
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anount .of water and the width of continuous paper 6 will increase. However,
I f- the expanded conti nuous paper 6 is then used with printing apparatus 8
in an environnent where the tenperature and/or humdity is low, such as in
an air conditioned facility, the portiom @6 continuous paper 6 proxinmte to
printing apparatus 8 will essentially imediately begi-n drying because of

t he evaporation of noisture. Accordingly, the wdth of continuous paper 6

wi |l decrease. However, unused portion 6d of continuous paper 6 |ocated
within into a hole 33d in main frame 33 and a hole 34d in sub-frame 34.

Like drive pulley 15, drive pulley 35 can also rotate. The
center O of drive pulley 35 forms the axis upon which it
rotates/inclines.

Formed in an inner surface 35d of drive pulley 35,
there is a pair of hold portions 35a integrally formed
therewith. Like tabs 15¢ of drive pulley 15, hold portions 35a
are constructed and arranged to engage in a recessed groove l6a
formed in drive shaft 16, and to hold drive shaft 16
elastically.

Hold portions 35a each include a préfection—like
pressure portion 35b for exerting pressure against the bottom
surface 16b of the respective recessed groove l6a of drive shaft
16. Pressure portions 35b have arcuate inner surfaces to define
line contact with bottom surface 16b of the associated groove
l6a. Hold portions 35a also include a connecting portion 35¢
for interconnecting pressure portion 35b with inner surface 35d
of drive pulley 35 integrally and elastically. Connecting
portions 35c are elastic and permit each pressure portion 35b
to rotate about its associated connecting portion 35c.

An annular elastic member 36, typically an O-ring, is
inserted between pressure portion 35b and inner surface 35d of
drive pulley 35 and is supported by drive pulley 35. Annular
elastic member 36 has an inner diameter smaller than the outer
diameter of drive shaft 16. Annular elastic member 36
strengthens the holding force of drive shaft 16 by applying
pressure to pressure portions 35b, 35b. Annular elastic member
36 acts to resist against unintended sliding of tractor 30
relative to drive shaft 16 and guide shaft 17.

Tractor 30, in accordance with the third embodiment,
can pivot about an intermediate point O between the two pressure
portions 35b, 35b which results in pin belt 11 being permitted
to freely incline with respect to the paper conveying direction

of continuous paper 6.
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corrugated cardboard box 9 will not have noi sture evaporate therefrom at
the sane’'rate as the portion proxinmate to printing 5 apparatus 8 because
only the end portion thereof is exposed to the air. Therefore, the wi dth of
the paper in corrugated box 9 wll not _dggrease as rapidly or as nuch as
the portion ]

To permit the pivotable movement of tractor 30, a pair
of elongated insertion holes 33e and 34e are respectively formed
in main frame 33 and sub-frame 34, with gﬁide shaft 17 passing
therethrough. '

When it is desired to laterally displace tractor 30
along drive shaft 16 and guide shaft 17, a force sufficient to
overcome the frictional force of pressure portions 35b can be
normally applied to tractor 30 to permit tractor 30 to be
displaced along the width direction of the continuous paper.

Tractor 30, constructed and arranged ln accordance
with the third embodiment, operates essentially the same as the
tractor in the first two embodlments, and- likewise, has the same
advéntages.

In addition, the structure of tractor 30 can be
simplified because lock lever 18, present in,tractor 10, can be
eliminated.

Reference is now made to FIG. 8 in which a continuous
paper feed mechanism utilizing a tractor in accordance with the
above embodiments is disclosed. |

A continuous sheet feed mechanism has a first frame
(not shown) positioned a predetermined distance from a second
frame (not shown). The first frame and second frame are formed
from the side frames of a printer or a similar device.
Extending between the first frame and the second frame is drive
shaft 16 and guide shaft 17. Tractor or 20 or 30 is mounted on
drive shaft 16 and gquide shaft 17.

As shown in FIG. 8, two tractors are provided. In this embodiment,
a tractor 20 as disclosed in the second embodiment is positioned
on the right as viewed in FIG. 8, and tractor 40 constructed in
accordance with the prior art is positioned on the left.
Tractor 40 is arranged to permit a pin belt 11 to be slidably
mounted in the direction of arrows bl, b2 against the force of
a spring 41. The print head of the printing apparatus (not

e e— L
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proximate to printing apparatus 8, and the wi dth of continuous paper 6
proximateé to printing apparatus 8 will not equal the paper width of
conti.nuous paper 6 within corrugated cardboard box 9. Again, FIG 11
illustrates a sheet of continuous paper_tjgt_varies in width. The paper
w dth tapers fromthe wide portion to the narrow portion and, hence, does
not feed properly. Wien the wi dth of continuous paper 6 varies in the

t apered manner as described above, the conventional tractor

shown) may be designed and arranged so that printing takes place
either from right to left or left to right as shown in FIG. 8.

Accordingly, when the coﬁtinuous paper increases or
decreases in the widthwise direction and the two side edge
portions 6b, 6b of continuous paper 6 remain parallel to each
other, the increase or decrease of the paper width is absorbed
by the sliding action of pin belt 11 of tractor 40. However,
when the width of the continuous paper increases or decreases
such that the two side edge portions 5b and 6b are now tapered,
the width variations are absorbed by the inclining operation of
pin belt 11 of tractor 20. That is, in either of‘the examples
above, or when the above-mentioned two kinds of width variations
or deformations occur essentially simultaneously, the continuous
paper can be properly conveyed in either a forward or reverse
paper-conveying direction. ' : |

It should be noted here that similar operation and
effects can be obtained when a tractor disclosed in the first
or third embodiment is used instead of tractor 20 in accordance
with the second embodiment.

Furthermore, other modifications or changes can be
made to the above-mentioned embodiments. For example, pin belt
11 is constructed so that the upstream side thereof in the
direction of the continuous paper feed can pivot about downstream side thereof.
However, just as effectively and with the same results, pin belt 11 can be
constructed so that the downstream side thereof in the direction of the
continuous papter feed can pivot about upstream side thereof.

Therefore, the tractor of the present invention and
the continuous sheet feed mechanism employing the tractor of the
preseﬁt invention results in a more accurate and more reliable
operation for conveying paper, and further, a positive
continuous sheet feed operation can be executed. Specifically,
if the width of the continuous paper varies due to a change of
temperature, humidity or the 1like, using the tractor and

aced
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‘cannot . follow the width variations of continuous paper 6 and, as further
shown in"FIG 11, one or nore holes 6a of continuous paper 6 shift away
from.one or nore pins 4a, which will result in poor paper conveying.
Accordingly, it is desired to provide anjigmaroved tractor having a

construction which will allow continuous paper to be .accurately fed even if

the width of the continuous paper varies (either increases or decreases)
a tapered manner. It is also desired to provide an inproved conti nuous
paper feedontinuous sheet feed mechanism of the présent invention will

vield more reliable and accurate paper conveying in a printer.

It will thus be seen that the objécts set forth above,
among those made apparent from the preceding description, are
efficiently attained and, since certain changes may be made in
carrying out the above method without departing from the spirit
and scope of the invention, it is intended that all matter
contained in the above description shall be interpreted as
illustrative and not in a limiting sense.

It is also to be understood that the following claims
are intended to cover all of the generic and spec{fic features
of the invention herein described, and all statements of the
scope of the invention which, as a matter of language, might be

said to fall therebetween.
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mechani sm having a construction which uses such an inproved tractor _
construction.. GanRehat Hys Begalhag, | n accordance with the present invention,

a tractor for fe us sheets of paper with holes in the sides
t her eof i ncludes mmjmgm!umuframa, a drive pulley and a pin belt, the pin
belt being arran can incline with respect to a paper
conveying direction. The tractor further2gncludes a cover plate which has

an opening formed to face said continuous paper delivery-surface so that

CLaDS |

1. A tractor (10) for feeding continuous paper with holes in the sides thereof in a
paper conveying direction, comprising:

at least one frame mmn$ (13, 14);

a drive pulley (15) supported by said frame means;

a pin belt (11) coupled to said drive pulley for advancement the_reby_ and formed
with pins (12) for engaging in the holes of .the continuous paper; and characterised by

means (13g, 14g; 13h, 14h) for permitting said pin belt to incline with respect to
a paper conveying direction of said continuous sheets of paper.
2, The tractor as claimed in claim 1, wherein said pin belt is formed with a
continuous paper delivery surface, said tractor including a cover plate having an opening
formed to face said continuous paper delivery surface so that a plurality of pins, formed
on the pin belt, can extend therethrough, said opening in said cover plate is formed with
a pair of spaced side edges defining a tapered opening.
3. The tractor as claired in claim 2, whérein said opening in said cover plate
decrease in width in the paper side conveying direction.
4, The tractor as claimed in claim 1, 2 or 3, wherein said pin belt is formed with
side surfaces, said means for permitting said pin belt to incline including at least one
inclined guide surface supported by said frame means for slidable engagement by a side
surface of said pin belt for guiding and defining a limit of inclination of said pin belt,
said at least one inclined guide surface defining an angle to the paper conveying
direction.
S. The tractor as claimed in claim 4, wherein said means for permitting said pin belt
to incline includes a spaced pair of said inclined guide surfaces supported by said frame
means and defining a space between them tapered in the paper conveying direction to

limit inclination of the pin belt.



a plurality _of pi-ns; forned on'the pin belt, can extend 6 therethrough.
The opening in the cover é &§ increases in width froma first end of the
openi.ng to a e opening. The tractor can also include at

| east one guid “ \ uiding the pin belts -the at—teast—one guide

surface increa - ' .
-2t- | R
* c L M S *

6. The tractor as claimed in claim 5, wherein each of said inclined guide surfaces is

discontinuous and includes first portions in the region of one end of the tractor as viewed
in the paper conveying direction and second portions in the region of the other end of the
tractor, said second portions being spaced farther from each other than said first portions
are spaced from each other. |
7. The tractor as claimed in claim 1 for mounting on at leaSt a drive shaft, said
means for permitting said pin belt to incline including means for coupling said drive
pulley to said drive shaft so that said pin belt is advanced by said drive shaft and drive
pulley, said coupling means further permitting said tractor to pivot relative to said drive
shaft so as to permit said pin Belt to incline relative to said paper conveying direction.
8. A tractor (10) for mounting on a drive shaft (16) extené‘iing laterally of a paper
conveying direction for feeding continuous paper with holes in the sides thereof in the
paper conveying direction, comprising:

at least one frame means (13, 14);

a drive pulley (15) rotatably mounted in said frame means;

a pin belt (11) coupled to said drive pulley for being driven thereby; and
characterised by

means (13g, 14g; 13h, 14h) for coupling said drive pulley to said drive shaft for
rotation of said drive pulley by said drive shaft to drive said pin belt and for permitting
the pivoting of said drive pulley and frame relative to said drive shaft so that said pin
belt can incline relative to said paper conveying direction.
9. The tractor as claimed in claim 8, wherein said pin belt has a continuous paper
delivery surface supporting a plurality of pins and said tractor includes a cover plate
having an opening formed to face said continuous paper delivery surface so that said
plurality of pins formed on said pin belt can extend therethrough. . .
10.  The tractor as claimed in claim 8 or 9, wherein said drive shaft is formed with at

least one longitudinally extending recessed groove having a bottom surface, said drive



inwidth froma first end of said at |east one guide surface to a second
end of said-at "east one gui de surface. In a third enbodi ment, the tractor

actual ly can TR.I %}@,,lggba‘npa @determ ned axis so that the tr act -OF -can nore
accurately con ‘ﬁzous paper in a paper-conveying dir
Lastly, a cont eed mechanismis provi
cont i nuous sheﬂm & Lr W th hol es in22hkhe side \m \M‘“‘ﬁ“ r“g“\t i nuous
paper feed nechani smincludes a first
pulley being formed with a wall defining an aperture therethrough through which said
drive shaft extends, said coupling means including a hold portion formed on said wall of
said drive pulley defining said aperture and projecting onto each of said recessed grooves
for operationally coupling said drive shaft and drive pulley for rotation of said drive
pulley, each of said hold porﬁéns being formed to engage the bottom surface of the
associated groove and to permit pivoting of the tractor at the point of contact between the
hold portion and the bottom surface of the groove. .-
11.  The tractor as claimed in claim 10,.wherein the hold portion includes a radially
extending connecting portion and a laterally extending pressure portion coupled to the
outer end of the connecting portion for engagement in the associated groove.
12.  The tracter as claimed in claim 10 or '11, wherein the s:urface of the pressure
portion engaging the bottom surface of the groove is arcuate.
13.  The tractor as claimed in claim 12, wherein said tractor includes a resilient
annular member intermediate said pressure portion and said wall of the drive pulley
defining said aperture for biasing said pressure portion apart from said drive shaft.
14.  The tractor as claimed in claim 10 for being additionally supported by a guide
shaft, said frame means including an elongated slot through which said guide shaft
extends.
15. A continuous paper feed mechanism for feeding continuous sheets of paper with
holes in the sides thereof in a paper conveying direction, comprising:
a drive shaft (16) and a guide shaft (17), each extending laterally of the paper
conveying direction in parallel spaced relation; characterised by
a first tractor (10) and a second tractor each including a pin belt (11), at least one
of said first and second tractors including means (13g, 14g; 13h, 14h) for supporting the
* associated pin belt relative to the drive shaft so that said associated pin belt can incline

with respect to the paper conveying direction.



frame and a second franme positioned a predeterm ned distance fromthe first
frame, a'drive shaft and a gui de nenber each bei ng di sposed between said
first. frame and said second frame, and a first tractor and a second
tractor, at least one of the first and second tractors having a pin belt

arranged so that the pin belt can incline with respect yi ng
direction. Accordingly, it is an object-23-the presentl I“ﬂlﬂm;lmr“m(ﬂm vi de
an inproved tractor for use in a printing device. e L oms s

16.  The continuous paper feed mechanism as claimed in claim 15, wherein the other

of said first and second tractors includes means for supporting its pin belt relative to the

drive shaft so that the pin belt of said other tractor is displaceable in the longitudinal

direction of the drive shaft.
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It is another object of the present invention to provide an inprove tractor
t hat can’convey paper nore easily and accurately even though the wi dth of

t he paper nay vary due to change in climate conditions. Still further, it
is an object of the present invention to provide an inproved continuous
sheet feed mechanismthat has a sinple construction. Yet further, it is an
obj ect of the present invention to provigg.an inproved successive sheet
feed mechani smthat can '

ABSTRACT

TRACTOR AND C PAPER FEED MECHANISM
USING THE SAME

The present invention relates to an improved tractor (10) and a continuous paper
feed mechanism using the same which can more accurately convey continuous paper in a
forward or reverse paper conveying direct{on by compensating for any incr&se.or
decrease in the width of the continuous paper due to change in temperature, humidity or
the like. The change in paper width is compensated for by either employing a tractor
having a pin belt-(11) that can incline relative to the paper confveying direction or by
employing a tractor that pivots in accordancé with the change in paper width to incline

the pin belt.
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convey .paper nmore easily even though the width of the paper may vary due to

change in climte conditions. 7 Still other objects and advantages of
the isznvention will in part be obvious and will in part be apparent fromthe
specification and draw ngs. 1/9 '
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The invention accordingly conprises the several steps and the relation of
one or nmore of such steps with respect to each of the others, and the
article possessing the features, properties and the relation of el enents,
which are exenplified in the follow ng Zist ai | ed di scl osure, and the scope
of the invention will be indicated in the clains. For-a fuller
under st andi ng of the invention, reference is had to the follow ng
description taken in connection with the acconpanying draw ngs, in which:

Fr9. 2(a) Feg. 2(b)
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FIG .1 is a plan view of a tractor

I nventi on; _
accordance with the first enbodi nent of the present
view of the structurggof the tractor taken along line
FIG 3 is a plan view of a sheet of continuous paper

the presént

a cross-sectional
2b-2b in FIG 2(a);
whi ch is conveyed in
t her eof can vary;

'hls Sheet Has Been Re

FIG 2(a)

is a side view of the tractor

in

invention; FIG 2(b)

a paper conveylnazfrnectlo showi ng how the wi dth
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FIG.4.is a plan view of a sheet of continuous paper which is conveyed in a
paper conveying direction show ng an a) Jernate way in which the wdth

t hereof can vary; FIG 5 is a plan V|e shovm ..b.owthe pin belt can pivot
S0 as to be inclined to the nornal er. rection during the
operation of the tractor constructed nl ce with the first

enbodi nent of the invention; FIG 6 Is a an view of a tractor in
accordance with a second enbodi ment of the present invention;
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FIG 7(a) is a side view of the tractor in accordance with a third
8 FIG 7(b) is a cross-sectional

view.of the structure of the tractor taken along the line 7b-7b in FIG
7(a); FIG 8 is a plan view of a contiguous paper feed

enbodi neht of the present invention;
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nechani.smin accordance with the invention; FIG 9 is a plan view of a
conventi onal tractor in accordance with the prior art; FIG 10(a) is a side -

view:of a conventional printer illustrating the standard operation in which
the continuous paper is generally used/9Fl G 10(b) is a rear view of a
conventional printer illustrating the standard operati-on in which the

conti nuous paper is generally used; and
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FlG-:11 is a plan view of a conventional tractor during a paper feed
operatioh in accordance with the prior art. Reference is first nmade to
FIGS. 1, and 2(a) -and 2(b) of the draw ngs which depict a tractor,
generally indicated at 10, constructed7fy® accordance with a first

enbodi ment of the present invention. Tractor 10 includes an endl ess type
pin belt 11, a main frame 13, a sub-franme 14, a drive pulley 15, a lock
| ever 18, and a cover plate 19 shown in the open position. Main frame
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13 and.sub-frame 14 are fixedly connected to each other by connecting neans
(not shoWwn) such as a bonding agent or the like, and main frame 13 and
sub-firame 14 are slidably nounted as n|t on drlve shaft 16 and gui de

shaft 17. It is to be noted that efe will be nmade to
tractor 10, a second tractor nust gﬁg} of the continuous sheet
feed nechanismto properly operat et h0u th ond tractor need not be
identical to tractor 10, as will be dlscussed belom/mﬁth reference to FI G

8. Further, drive shaft 16 and gu
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shaft” 17 are both supported by a pair of spaced side franes (not 9

shown), as will also be described below with reference to FIG As further
dfscl~osed in FIG 2(b), main frane 13 includes hole 13d and sub-frane 14
i ncludes hole 14d. Drive shaft 16 is 94serted thr ough hol es 13d and 14d.

Drive pulley

Fig. 11
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The present invention relates generally to a tractor
for use in delivering continuous paper in a printing device,
such as a printer or the like, and also to a continuous paper
feed mechanism using such a tractor. In particular, the present
invention relates to a tractor capable of conveying, both in the
forward and in the reverse direction, continuous paper when the
width thereof varies due to a change in temperature, humidity
or the like. The present invention also relates to a continuous
paper feed mechanism using such a tractor.

Generally, a tractor which includes an endless pin
belt with arrays of pins thereon is constructed and arranged so
that holes formed on the two sides of the continuous paper
engage the pins of the pin belt to feed the continuous paper.
If the width of the continuous paper increases or decreases due
to a change in temperature, humidity or the like when the
position of the tractor (that is, the pin belt) is fixed, the
holes of the continuous paper cannot properly engage the pins
of the tractor, resulting in an inability to properly feed the
continuous paper.

Japanese Patent Laid-Open Publication No. 1-271344
(Heisei) describes a proposed tractor that attempts to solve the
heretofore mentioned problem. FIG. 9 depicts a plan view of the
tractor described in Japanese Patent Laid-Open Publication No.
1-271344 (Heisei). _

Shown in FIG. 9 is a drive shaft 1, a guide shaft 2
and a framgygémber 3 which is slidably mounted onto drive shaft
1 and guide'shaft 2. A tractor 4 is positioned within frame
member 3 and is slidably mounted onto drive shaft 1 and guide
shaft 2. Tractor 4 is forced in the direction of arrow X1, as
shown in FIG. 9, by a spring 5 interposed between frame member
3 and tractor 4. Holes 6a are respectively formed on the two
side portions of continuous paper 6. Tractor 4 also includes
a pin belt, with a plurality of pins 4a dlsposed thereon Pins
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drive shaft 16. Main frame 13 and sub-frane 14 are respectively forned with
a hole 13e and a mating tubul ar portion 14e, through which guide shaft 17
can be inserted. A tubular nmenber 18a, integrally formed with a | ock
| ever 18, is fitted into hole 13e and tubul ar portion 14e, and gui de shaft
17 is inserted through tubular nenber 18a. Tubul ar nenber 18a is forned
eccentrically. In this configuration, if lock lever 18 is rotated

cl ockwi se, as illustrated by arrow al in-FEG- 2(a), then lock |ever 18

4a are aligned and meshed with holes 6a to convey continuous
paper 6 in a sheet feeding direction. A cover plate 4b is
provided for guiding continuous paper 6 and loosely holding the
side portion 6b of continuous paper 6 between the pin belt and
cover plate 4b. Cover plate 4b has an elongated hole 4c formed
therein that allows pins 4a to extend therethrough. A lock
mechanism 7 selectively secures frame member 3 to guide shaft
2, so that frame member 3 can be prevented from sliding.

Although FIG. 9 depicts only the left tractor, the
right tractor is identical to the tractor of FIG. 9 except to
the extent that the right tractor does not include frame member
3 and spring 5. The right tractor is also fixed to guide shaft
2. '

In this arrangement, spring 5 constantly applies
tension to continuous paper 6, causing tautness in continuous
paper 6 in the widthwise direction. Therefore, even if the
width W of continuous paper 6 increases or decreases due to a
change in temperature, humidity or the like, the increase or
decrease is compensated by the sliding of tractor 4 along drive
shaft 1 and guide shaft 2 and the two side edge portions 6b of
continuous paper 6 are kept parallel to each other. In this
manner, continuous paper 6 can be conveyed in the forward or
reverse direction.

_ The conventional tractor employing the structure
described above has the following problem. When the width W of
the continuous paper increases or decreases while the two sides
edge.portions 6b of continuous paper 6 remain parallel to each
other, the paper increase or decrease in the widthwise direction
is compensated by sliding tractor 4 horizontally so that
continuous paper 6 can be properly conveyed. However, in some
instances, the width of the continuous paper does not uniformly
increase or decrease in such a manner that the two side edge
portions 6b remain parallel, but rather, the side edge portions
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engages main frame 13, sub-frane 14 and gui de shaft 17 to | ock tractor 10
onto guide shaft 17. Likewise, if lock lever 18 is rotated

countercl ockwi se, as illustrated by arrow a2, then | ock | ever 18 rel eases

t he engagenent between tractor 10 and guide shaft 17 to allow tractor 10 to
slide relative to guide shaft 17. One end of the continuous pin belt 11
extends around a central region formed wrtB spaced, outwardly projecting
teeth 15d for mating with teeth on pin belt 11, and the portion of the pin
belt coupled to the continuous paper is preferably

6b vary in such a way that the continuous paper, when viewed
lengthwise, appears to taper.

Although the conventional tractor will slide, the
tractor cannot accurately follow the variations in the paper
when the two side edge portions of the continuous paper taper.
As a result, holes 6a of continuous paper 6 may shift, causing
a misalignment between at least one pin 4a and at least one hole
6a, resulting in unreliable paper conveying, regardless of
whether it is in a forward or reverse direction.

The variation in width of the continuous paper may be
caused by a change in the temperature, humidity or the like.
Most frequently, the change will occur because of the frequent
changes in temperature or humidity during the course of an
average day, week, etc. where the printer is operating. A
chande may also occur when the continuous paper supply is
transported from one environment with a set temperature and/or
humidity to another environment having a different temperature
and/or humidity. As will be explained below, because different
portions of the paper are exposed to different amounts of the
outside air, the paper, throughout a predetermined length, may
vary in width by a relatively large amount.

Reference is now made to FIGS. 10(a), (b) and FIG. 11
to more specifically illustrate the effect of having different
portions of the continuous paper exposed to differeﬁt
temperature and/or humidity conditions.

As illustrated in FIG. 10(a), alignment is typically
made between a front end 6c of continuous paper 6 and the
conventional tractor of a conventional printing apparatus 8,
while the remaining continuous paper portion 6d of continuous
paper 6 remains in a corrugated cardboard box 9, placed by way
of example, on the floor.

By way of example, an air conditioning uniﬁ may reduce
the humidity within the room that houses printing apparatus 8.

The portion of continuous paper 6 between printing apparatus 8
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rotationally driven in the direction of arrowcl in FIG 2(a). A

sem -tubul ar guide portion 14f is forned in sub-frame 14 to - 10 - guide
the other end of continuous pin belt 11. Alternatively, a driven pulley can
be provided instead of the above-nentioned, sem -tubular guide portion 14e
for guiding the other end of pin .

and corrugated cardboard box 9 which is exposed to the air has
water being constantly evaporated therefrom, causing continuous
paper 6 to decrease in the widthwise direction. However, the
unused portion 6d of continuous paper 6, which remains in
corrugated cardboard box 9, is essentially not exposed to the
air, but for the end portion thereof. Accordingly, unused
portion 6d will have more moisture therein than the exposed
portion of continuous papef 6 and therefore may also be wider
than the. exposed portions of the continuous paper.

In other words, the width of continuous paper 6
proximate to printing apparatus 8 may be narrower than the width
of continuous paper 6 within corrugated cardboard box 9.
Accordingly, as shown in FIG. 11, the width of continuous paper
6 may vary in a tapered manner from a wide portion to a narrow
portion. |

As noted above, variations in the nature of the taper
in the width of continuous paper can result when temperature
and/or humidity varies between the place storing the continuous
paper ‘and the location of the continuous paper where the
printing apparatus is ultimately located. Thus, for example,
if continuous paper 6 is stored in an area having an essentially
constant high temperature or humidity, in a warehouse fox
example, then continuous paper 6 will absorb a relatively large
amount of water and the width of continuous paper 6 will
increase. However, if the expanded continuous paper 6 is then
used with printing apparatus 8 in an environment where the
temperature and/or humidity is 1low, such as in an air
conditioned facility; the portion of continuous paper 6
proximate to printing apparatus 8 willjessentially immediately
begin drying because of the evaporation of moisture.
Accordingly, the width of continuous paper 6 will decrease.
However, unused portion 6d of continuous paper 6 located within
corrugated cardboard box 9 will not have moisture evaporate
therefrom at the same rate as the portion proximate to printing
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belt 11. Pin belt 11 has an outer surface with an array of substantially
conical (i.e., bullet-shaped) pins 12 thereon. In this way, the holes
formed in the continuous paper can engage with pins 12 so the continuous
paper can be conveyed in paper conveying dlrectlon clin FIGS 1 and 2b. On
the inner surface of pin belt 11 are teeth?l |l-a which can engage teeth 15d
of drive pulley 15. As illustrated in FIG 1, the latefal range of

apparatus 8 because only the end portion thereof is exposed to
the air. Therefore, the width of the paper in corrugated box
9 will not decrease as rapidly or as much as the portion
proximate to printing apparatus 8, and the width of continuous
paper 6 proximate to printing apparatus 8 will not equal the
paper width of continuous paper 6 within corrugated cardboard
box 9. Again, FIG. 11 illﬁstrates a sheet of continuous paper
that varies in width. The paper width tapers from the wide
portion to the narrow portion and, hence, does not feed
properly.

When the width of continuous paper 6 varies in the
tapered manner as described above, the conventional tractor
cannot follow the width variations of continuous paper 6 and,
as further shown in FIG. 11, one or more holes 6a of continuous
paper 6 shift away from one or more pins 4a, which will result
in poor paper conveying.

Accordingly, it is desired to provide an improved
tractor having a construction which will allow continuous paper
to be accurately fed even if the width of the continuous paper
varies (either increases or decreases) in a tapered manner. It°
is also desired to provide an improved continuous paper feed
mechanism having a construction which uses such an improved

tractor construction.

Generally speaking, in accordance with the present
invention, a tractor for feeding continuous sheets of paper with
holes in the sides thereof includes at least one frame, a drive
pulley and a pin belt, the pin belt being arranged so that it
can incline with respect to a paper conveying direction. The
tractor further includes a cover plate which has an opening
formed to face said continuous paper delivery surface so that
a plurality of pins, formed on the pin belt, can extend
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di spl acenent of pin belt 11 is restricted in a direction perpendicular to

t he paper conveying direction arrow cl as it rotates. On the one hand,
pin belt 11 is restricted by the contact with inner surface 13g on main
frame 13 and inner surface 14g provided gngsub-frame 14. On the other hand,
as pin belt 11 revolves around drive pulley 15, it is restricted by the
contact with inner surface 13h on main frame 13 and inner surface 14h on
sub-frame 14. Accordingly, a relationship can be established between

therethrough. The opening in the cover plate increases in width
from a first end of the opening to a second end of the opening.
The tractor can also include at least one guide surface for
guiding the pin belt, the at least one guide surface increasing
in width from a first end of said at least one guide surface to
a second end of said at least one guide surface.

In a third embodiment, the tractor actually can pivot
about a predetermined axis so that the tractor can more
accurately convey the continuous paper in a paper conveying
direction.

Lastly, a continuous paper feed mechanism is provided
for feeding continuous sheets of paper with holes in the sides
thereof. The continuous paper feed mechanism includes a first
frame and a second frame positioned a predetermined distance
from the first frame, a drive shaft and a guide member each
being disposed between said first frame and said second frame,
and a first tractor and a second tractor, at least one of the
first and second tractors having a pin belt arranged so that the
pin belt can incline with respect to a paper conveying
direction.

Accordingly, it is an object of the present invention
to provide an improved tractor for use in a printing device.

It is another object of the present invention to
provide an improve tractor that can convey paper more easily and
accurately even though the width of the paper may vary due to
change-in climate conditions.

Still further, it is an: object of the present
invention to provide an improved continuous sheet feed mechanism
that has a simple construction. o

Yet further, it is an object of the present invention
to provide an improved successive sheet feed mechanism that can
convey paper more easily even though the width of the paper ﬁay

vary due to change in climate conditions.
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pin.belt, 11, main frame 13 and sub-frane 14. As shown in FIGS. 1 and 2, "x
is the width of pin belt 11, "y" is the distance between inner surface 13g
on main frame 13 and inner surface 14g of sub-frame 14, and "z" is the

di stance between inner surface 13h of mainsfrane 13 and inner surface 14h

of sub-frame 14. It is clear that pin belt 11 can slide laterally a

di stance (y-x) around gui de portion 14f and a distance (z-x) around drive

pulley 15. It is to be noted that y-x is greater than z-x. Therefore, pin

belt 11 can incline witihir eapest dWjddis RAREradvantages of the invention
will in ﬁart be obvious and will in part be apparent from the
specification and drawings.

The invention accordingly comprises the several steps
and the relation of one or more of such steps with respect to
each of the others, and the article possessing the features,
properties and the relation of elements, which are exemplified
in the following detailed disclosure, and the scope of the

invention will be indicated in the claims.

For a fuller understanding of the invention, reference
is had to the following description taken in connection with the
accompanying drawings, in which:

FIG. 1 is a plan view of a tractor in accordance with
a first embodiment of the preéent invention;

FIG. 2(a) is a side view of the tractor in accordance
with the first embodiment of the present invention;

' FIG. 2(b) is a cross-sectional view of the structure
of the tractor taken along line 2b-2b in FIG. 2(a);

FIG. 3 is a plan view of a sheet of continuous paper
which is conveyed in a paper conveying direction showing how the
width thereof can vary;

FIG. 4 is a plan view of a sheet of continuous paper
which is conveyed in a paper conveying direction showing an
alternate way in which the width thereof can vary;

FIG. 5 is a plan view showing how the pin belt can
pivot so as to be inclined to the normal paper feed direction
during the operation of the tractor constructed in accordance
with the first embodiment of the invention;

FIG. 6 is a plan view of a tractor in accordance with
a second embodiment of the present invention;

FIG. 7(a) is a side view of the tractor in accordance

with a third embodiment of the present invention;
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conveying direction of the continuous paper. This incline is facilitated by
a sufficient slack in the nounting of pin belt 11. As further shown in
FIG 1, cover plate 19 is constructed and nounted to main franme 13 so that
it can open and close. Specifically, main frane 13 is formed with a pair
of -8 -

FIG. 7(b) is a cross-sectional view of the structure
of the tractor taken along the line 7b-7b in FIG. 7(a);

FIG. 8 is a plan view of a continuous paper feed
mechanism in accordance with the invention;

FIG. 9 is a plan view of a conventional tractor in
.accordance with the prior art;

FIG. 10(a) is a side view of a conventional printer
illustrating the standard operation in which the continuous
paper is generally used;

FIG. 10(b) is a rear view of a conventional printer
illustrating the standard operation in which the continuous
paper is generally used; and

FIG. 11 is a plan view of a conventional tractor

during a paper feed operation in accordance with the prior art.

Reference is first made to FIGS. 1, and 2(a) and 2(b)
of the drawings which depict a tractor, generally indicated at
10, constructed in accordance with a first embodiment - of the
present invention.

Tractor 10 includes an endless type pin belt 11, a
main frame 13, a sub-frame 14, a drive pulley 15, a lock lever
18, and a cover plate 19 shown in the open position. Main frame
13 and sub-frame 14 are fixedly connected to each other by
connecting means (not shown) such as a bonding agent or the
like, and main frame 13 and sub-frame 14 are slidably mounted
as a unit on drive shaft 16 and guide shaft 17. It .is to be
noted that although reference will be made to tractor 10, a
second tractor must also be employed for the continuous sheet
feed mechanism to properly operate, although the second tractor
need not be identical to tractor 10, as will be discussed below
with reference to FIG. 8. Further, drive shaft 16 and guide
shaft 17 are both supported by a pair of spaced side frames (not
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hi nge portions 13a and cover 19 is formed with a pair of correspondi ng

hi nge portions 19d. Each hinge portion 13c is joined to a hinge portion
19d by neans of a shaft 19b. FIG 1 shows cover plate 19 in the open
position. Cover plate 19 has an openi ng-19a-to allow pins 12 of pin belt 11
to extend therethrough. Opening 19a has a shape in which the two side
edges 19c, 19c thereof are tapered. This corresponds to the inclined
range of novenent of pin belt 11. The setting of continuous paper into the
tractor ashown), as will also be described below with reference to FIG.

8.

As further disclosed in FIG. 2(b), main frame 13
includes hole 13d and sub-frame 14 includes hole 14d. Drive
shaft 16 is inserted through holes 13d and 14d. Drive pulley
15 is rotatably mounted between main frame 13 and sub-frame 14
and is provided with hubs 15a on each side which extend into
holes 13d and 14d. '

Drive pulley 15 is formed with a central bore 15b
therethfough for receipt of drive shaft 16 and is constructed
and arranged to slide relative to drive shaft 16. Drive pulley
15 is formed with a pair of inwardly projecting tabs 15c¢ which
are received in longitudinally extending grooves l6a in drive
shaft 16, so that drive pulley 15 is rotationally driven by
drive shaft 16.

Main frame 13 and sub-frame 14 are respectively formed
with a hole 13e and a mating tubular portion l4e, through which
guide shaft ‘17 can be inserted. A tubular member 18a,
integrally formed with a lock lever 18, is fitted into hole 13e
and tubular portion l4e, and guide shaft 17 is inserted through
tubular member 18a. Tubular member 18a is formed eccentrically.
In this configuration, if lock lever 18 is rotated clockwise,
as illustrated by arrow al in FIG. 2(a), then lock lever 18
engages main frame 13, sub-frame 14 and guide shaft 17 to lock tractor
10 onto guide shaft 17. Likewise, if lock lever 18 is rotated
counterclockwise, as illustrated by arrow a2, then lock lever 18
releases the engagement between tractor 10 and guide shaft 17
to allow tractor 10 to slide relative to guide shaft 17.

One end of the continuous pin belt 11 extends around
a central region formed with spaced, outwardly projecting teeth
15d for mating with teeth on pin belt 11, and the portion of the
pin belt coupled to the continuous paper is _preferabiy
rotationally driven in the direction of arrow cl in FIG. 2(a).
A semi-tubular guide portion 14f is formed in sub-frame 14 to
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well as the operation of the tractor wll now be described with reference
to FIGS. 1 to 3. Continuous paper 6 is first set so that holes 6a of
continuous paper 6 (FIG 3) can engage pins 12 of pin belt 11 (FIG 1).
Next, cover plate 19 is closed in order to prevent holes 6a from

di sengaging with pins 12. If necessary, Trh8tor 10 can be adjusted by

rel easing lock lever 18 fromits | ocking position, setting tractor 10, and

thereafter |ocking | ock | ever 18.
guide the other end of continuous pin belt 11. Alternatively,
a driven pulley can be provided instead of the above-mentioned
semi-tubular guide portion l4e for guiding the other end of pin
belt 11.

Pin belt 11 has an outer surface with an array of
substantially conical (i.e., bullet-shaped) pins 12 thexreon.
In this way, the holes formed in the continuous paper can engage
with pins 12 so the continuous paper can be conveyed in paper
conveying direction cl in FIGS. 1 and 2b. On the inner surface
of pin belt 11 are teeth lla which can engage teeth 15d of drive
pulley 15.

As illustrated in FIG. 1, the lateral range of
displacement of pin belt 11 is restricted in a direction
perpendicular to the paper conveying direction arrow cl as it
rotates. On the one hand, pin belt 11 is restricted by the
contact with inner surface 13g on main frame 13 and inner
surface 14g provided on sub-frame 14. On the other hand, as pin
belt 11 revolves around drive pulley 15, it is restricted by the
contact with inner surface 13h on main frame 13 and inner
surface 14h on sub-frame 14. '

Accordingly, a relationship can be established between
pin belt 11, main frame 13 and sub-frame 14. As shown in FIGS.
1 and 2, "x" is the width of pin belt 11, "y" is the distance
between inner surface 13g on main frame 13 and inner surface l4g
of sub-frame 14, and "z" is the distance between inner surface
13h of main frame 13 and inner surface l14h of sub-frame 14. It
is clear that pin belt 11 can slide laterally a distance (y-x)
around guide portion 14f and a distance (z-x) around drive
pulley 15. It is to be noted that y-x is greater than z-x.
Therefore, pin belt 11 can incline with respect to the paper
conveying direction of the continuous paper. This incline is
facilitated by a sufficient slack in the mounting of pin belt

11. )
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Once cover plate 19 is closed and tractor 10 is properly adjusted, pin belt
11 is ready for operation. A notor (not shown) or the like drives drive
shaft 16. Drive shaft 16 engages drive pulley 15. Pin belt 11 is then
rotationally driven by drive pulley 15. Fgg:e, continuous paper 6 is fed in
a forward paper conveying direction. (Sée row cl of FIGS. 1, 2 and 3.)
Likewise, if the notor rotates drive shaft 16 in the opposite direction,

t hen continuous paper 6 is fed in a reverse paper conveying direction.

As further shown in FIG. 1, cover plate 19 is
constructed and mounted to main frame 13 so that it can open and
close. Specifically, main frame 13 is formed with a pair of
hinge portions 13a and cover 19 is formed with a pair of
corresponding hinge portions 19d. Each hinge portion 13c is
joined to a hinge portion 19d by means of a shaft 19b. FIG. 1
shows cover plate 19 in thé open position. Cover plate 19 has
an opening 19a to allow pins 12 of pin belt 11 to extend
therethrough. Opening 19a has a shape in which the two side
edges 19c¢, 19c. thereof are tapered. This corresponds to the
inclined range of movement of pin belt 11.

The setting of continuous paper into the tractor as
well as the operation of the tractor will now be described with
reference to FIGS. 1 to 3.

Continuous paper 6 is first set so that holes 6a of
continuous paper 6 (FIG. 3) can engage pins 12 of pin belt 11
(FIG. 1). Next, cover plate 19 is closed in order to prevent
holes 6a from disengaging with pins 12. If necessary, tractor
10 can be adjusted by releasing lock lever 18 from its locking
position, setting tractor 10, and thereafter locking lock lever
18.

Once cover plate 19 1is closed and tractor 10 is
properly adjusted, pin belt 11 is ready for operation. A motor
(not shown) or the like drives drive shaft 16. Drive shaft 16
engages drive pulley 15. Pin belt 11 is then rotationally
driven by drive pulley 15. Hence, continuous paper 6 is fed in
a forward paper conveying direction. (See arrow cl of FIGS. 1,
2 and 3.) Likewise, if the motor rotates drive shaft 16 in the
opposite direction, then continuous paper 6 is fed in a reverse
paper conveying direction.

Each of the pins on pin belt 11 is substantially
conical. Accordingly, when the pin belt shifts due to the
change in width of the paper, there is no problem because round
holes 6a of the paper will almost always properly align with
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Each of the pins on pin belt 11 is substantially conical. Accordingly, when
the pin belt shifts due to the change in width of the paper, there is no
probl em because round hol es 6a of the paper will al nost always properly
align with This Sheet Has Been Re | aced l212

pins 11. Accordingly, the shape of the pins or holes is not a
factor. What is important, as illustrated in FIG. 3, is that
if the width of continuous paper 6 increases or decreases, the
tapered portion 6b of continuous paper 6 reaches pins 12 of pin
belt 11 and a transverse force is applied to pins 12 so that
pins 12 can continually engage holes 6a of continuous paper 6.
Accordingly, pin belt 11 can incline and follow the tapered
portion of continuous paper 6. By way of example, FIG. 3
illustrates how the width of continuous paper 6 gradually
increases. Likewise, the width of continuous paper 6 can
gradually decrease (not shown). As further shown in FIG. 4,
temperature and/or humidity conditions may cause only one side
of the continuous paper 6 to vary in width. Howe&er, if the
tractors disclosed in the present invention are used, any
variation in paper width can be accommodated and accepted. This
also results in reducing the amount of paper that might
otherwise have to be discarded. _

In accordance with the first embodiment, pin belt 11
is constructed and arranged to be freely inclinable with respect
to the paper conveying direction of continuous paper 6.
Therefore, if the width of continuous paper 6 increases or
decreases, pin belt 11 can follow any such increases or
decreases in continuous paper 6 by rotating accordingly. The
possibility that holes 6a of continuous paper 6 will shift from
pins 12 of pin belt 11 is greatly reduced, resulting in more
reliable paper conveying.

Further, since the two side edges 19c, 19c of opening
19a of cover plate 19 are tapered} the inclining operation of
pin belt 11 disclosed above is not hindered at all, and
continuous paper 6 can be conveyed in a forward or reverse paper
conveying direction between a continuous paper delivery surface
11b (see FIG. 1) of pin belt 11 and cover plate 19, which also
makes it possible to more accurately and reliably convey the
continuous paper. Stated another way, if the two side edges
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pins 11. Accordingly, the shape of the pins or holes is not a factor. Wat
Isinportant, as illustrated in FIG 3, is that if the width of continuous
paper 6 increases or decreases, the tapered portion 6b of continuous paper
6 reaches pins 12 of pin belt 11 and a transverse force is applied to pins
12 so that pins 12 can continual ly engagelBokes 6a of continuous paper 6.
Accordingly, pin belt 11 can incline and follow the tapered portion of
continuous paper 6. By way of exanple, FIG 3 illustrates how the w dth of

conti nuous paper 6 gradually
19c, 19c of opening 19a did not taper but rather were parallel

to each other equal to the distance at the widest point when
tapered, then the distance between the two side edges 19c and
19¢c in the region proximate to drive pulley 15 would be wider
than necessary and would prevent cover plate 19 from properly
holding continuous paper 6. Accordingly, the possibility that
cover plate 19 will not properly secure continuous paper 6 is
essentially eliminated since the two side edges 19c and 19c of
the opening 19a are in fact tapered.

A tractor constructed and arranged in accordance with
this first embodiment eliminates the critical positioning of the
corrugated cardboard box. However, this problem is first discussed with
reference to the conventional tractor and printer in FIGS. 9,
10 & 11.

Referring to the conventional printer in FIG. 10(a),
when front end 6c¢ of the continuous paper is set in the tractoxr
of conventional printing apparatus 8, unused portion 6d of the
continuous paper remains stored in corrugated cardboard box 9
which is placed on the floor or the like. However, as shown in
FIG. 10(b), corrugated cardboard box 9 must be set so that a
center line 08 (accurately, a line passing between a pair of
tractors) of printing apparatus 8 is substantially coincident
with a center line 06 of continuous paper 6. If center lines
08 and 06 are not aligned with each other, then continuous paper
6 will be set at an angle relative to the tractor and thus there
will be poor alignment between the holes of the continuous paper
and the pins, resulting in poor paper conveying.

More spécifically, if the distance between center
lines 08 and 06 is defined as & 1, the difference between the
diameter of a pin on the pin belt and the diameter of a
hole in the paper is defined as d, and the amount that hole 6a
can deform is A, then to ensure proper paper conveying, the
relationship § 1 < d + X must be satisfied. Because d and 1 are
small, it is apparent that it is very difficult to satisfy the
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I ncreases. Li kew se, the width of continuous paper 6 can gradually
decrease (not shown). As further shown in FIG 4, tenperature and/or

hum dity conditions may cause only one side of the continuous paper-6 to
vary in width. However, if the tractors disclosed in the present invention
are used, any variation in paper wdth can be accommbdat ed and accept ed.

Thi s also results in reducing the anmount of paper that m ght otherw se have
to be discarded. In accordance with the first enbodinent, pin belt 11

- 14 -

above relationship while aligning the corrugated cardboard box
9 and the paper.
However, as will now be described, using the tractor
- of the present invention_eliminatés such need for precision.
Since pin belt 11 of tractor 10 is constructed and arranged to
incline freely, it is not necessary to set the corrugated
cardboard box 9 as severely as in the conventional tractor.

Referring to FIG. 5, the following relationships are
established as:

(1) The maximum angle of inclination from the neutral
position of pin belt 11 is expressed as 8;

(2) the length of pin belt 11 (precisely, the length
of pin belt 11 x cos 8) is expressed as Ll; and

(3) x' = x/cos 8. '

Because x’ - x 1s very small compared to L1, tan 8 can
be expressed:

tan 8 = [ ( (y+z)/2 ) -x ]/Ll.

Therefore, as shown in FIG. 10(a), when the length of
the continuous paper from the tractor to the corrugated
cardboard box 9 is expressed as L2, then the amount §2 of the
allowable shift in the transverse direction between the center
lines 08 and 06 in the present embodiment can be obtained from
the following equation:

'§ 2 =L2 x tan 6 + d + A.

Since L2 is very large with respect to L1, the amount
of the allowable shift & 2 in the present embodiment is
considerably la:ger than the amount of the allowable shift § 1
in the conventional tractor.

Therefore, by using tractor 10 of the present

'embodiment instead of a conventional tractor, there is very
little criticality in the placement of the corrugated cardboard

box 9 and ultimately the paper alignment.
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I's constructed and arranged to be freely inclinable with respect to the
paper conveying direction of continuous paper 6. Therefore, if the width of
conti nuous paper 6 increases or decreases, pin belt 11 can follow any such
i ncreases or decreases in continuous paper 6 by rotating accordingly. The
possibility that holes 6a of continuous-phper 6 will shift frompins 12 of
pin belt 11 is greatly reduced, resulting in nore reltrable paper conveying.
Further, since the two side edges 19c, 19c of opening

Reference is now made to FIG. 6, disclosing a tractor,
shown generally at 20, in accordance with a second embodiment
of the invention.

- Tractor 20, in accordance with the second embodiment,
shows an alternate construction and arrangement of a main frame
23 and a sub-frame 24, ;nd_the remaining portions thereof are
essentially similar in structure to those in the previously
described first embodiment. Therefore, in FIG. 6, the parts of
the second embodiment similar in structure to those in the first
embodiment are respectively given the same reference numerals
and the description thereof is omitted here.

Main frame 23 and sub-frame 24 of tractor 20 include
inner surfaces 23g and 24g, respectively. Inner surfaces 23g
and 24g are tapered guide surfaces slidingly contactable with
the side surfaces of the pin belt 11. Furthermore, inner
surfaces 23g and 24g are inclined to the maximum angle which pin
belt 11 can incline to assist in the guiding of pin belt 11.

Tractor 20 operates similarly and has the same
advantages as tractor 10 in the first embodiment. In addition,
because guide surfaces 23g and 24g are tapered, the inclined pin
‘belt 11 is guided by guide surfaces 23g and 24g so that the
continuous paper can be conveyed both accurately and reliably.

Reference is now made to FIG. 7, disclosing a tractor,
shown generally at 30, in accordance with a third embodiment of
the invention.. In this third embodiment, the entire tractor 30
can incline. Like reference numerals are used for like elements
in prior embodiments.

Tractor 30 includes a pin belt 11, a main frame 33,
a sub-frame 34, a drive pulley 35, and a cover plate 19°'.
Because tractor 30 can incline, the cover plate can be formed
of a similar construction to the conventional cover plate (with
an elongated slot having parallel rather than tapered sides).

Drive pulley 35, similar to drive pulley 15 (FIG. 2),
is formed with laterally extending hubs respectively extending
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19a of cover plate 19 are tapered, the inclining operation of pin belt 11
di scl osed above is not hindered at all, and continuous paper 6 can be
conveyed in a forward or reverse paper conveying direction between a

conti nuous paper delivery surface 11b (see FIG 1) of pin belt 11 and cover
plate 19, which also makes it possible to nore accurately and reliably
convey the continuous paper. Stated anorhéf way, if the two side edges

into a hole 33d in main frame 33 and a hole 34d in sub-frame 34.
Like drivg pulley 15, drive pulley 35 can also rotate. The
center 0 of drive pulley 35 forms the axis upon which it
rotates/inclines. '

Formed in an inner surface 35d of drive pulley 35,
there is a pair of hold" portions 35a integrally formed
therewith. Like tabs 15¢ of drive pulley 15, hold portions 35a
are constructed and arranged to engage in a recessed groove l6a
formed in drive shaft 16, and to hold drive shaft 16
elastically.

Hold portions 35a each include a projection-like
pressure portion 35b for exerting pressure against the bottom
surface 16b of the respective recessed groove l6a of drive shaft
16. Pressure portions 35b have arcuate inner surfaces to define
line contact with bottom surface 16b of the associated groove
l6a. Hold portions 35a also include a connecting portion 35c
for interconnecting pressure portion 35b with inner surface 35d
of drive pulley 35 integrally and elastically. Connecting
portions 35c are elastic and permit each pressure portion 35b
to rotate about its associated connecting portion 35c.

An annular elastic member 36, typically an O-ring, is
inserted between pressure portion 35b and inner surface 35d of
drive pulley 35 and is supported by drive pulley 35. Annular
elastic member 36 has an inner diameter smaller than the outer
diameter of drive shaft 16. Annular elastic member 36
strengthens the holding force of drive shaft 16 by applying
pressure to pressure portions 35b, 35b. Annular elastic member
36 acts to resist against unintended sliding of tractor 30

relative to.drive shaft 16 and guide shaft 17.
Tractor 30, in accordance with the third embodiment,

can pivot about an intermediate point O between the two pressure
portions 35b, 35b which results in pin belt 11 being permitted
to freely incline with respect to the paper conveying direction

of continuous paper 6.
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- 13 - 19c, 19c of opening 19a did not taper but rather were parallel to
each other equal to the distance at the w dest point when tapered, then the
di stance between the two side edges 19c and 19c in the region proximte to
drive pulley 15 would be w der than necessary and woul d prevent cover plate
19 from properly hol ding conti nuous paper 6. Accordingly, the possibility
that cover plate 19 will not properly secure continuous paper 6 is

- 17 -

To permit the pivotable movement of tractor 30, a pair
of elongated insertion holes 33e and 34e are respectively formed
in main frame 33 and sub-frame 34, with guide shaft 17 passing
therethrough: '

When it is desired to laterally displace tractor 30
along drive shaft 16 and guide shaft 17, a force sufficient to
overcome the frictional force of pressure portions 35b can be
normally applied to tractor 30 to permit tractor 30 to be
displaced along the width direction of the continuous paper.

Tractor 30, constructed and arranged in accordance
with the third embodiment, operates essentially the same as the
tractor in the first two embodiments, and-likewise, has the same
advantages.

In addition, the structure of tractor 30 can be
simplified because lock lever 18, present in tractor 10, can be
eliminated.

Reference is now made to FIG. 8 in which a continuous
paper feed mechanism utilizing a tractor in accordance with the
above embodiments is disclosed.

A continuous sheet feed mechanism has a first frame
(not shbwn) positioned a predetermined distance from a second
frame (not shown). The first frame and second frame are formed
from the side frames of a printer or a similar device.
Extending between the first frame and the second frame is drive
shaft 16 and guide shaft 17. Tractor or 20 or 30 is mounted on
drive shaft 16 and guide shaft 17.

As shown in FIG. 8, two tractors are provided. In this embodiment,
a tractor 20 as disclosed in the second embodiment is positioned
on the right as viewed in FIG. 8, and tractor 40 constructed in
accordance with the prior art is positioned on the left.
Tractor 40 is arranged to permit a pin belt 11 to be slidably
mounted in the direction of arrows bl, b2 against the force of
a spring 41. The print head of the printing apparatus (not

This Sheet Has Been Replaced
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essentially elimnated since the two side edges 19c and 19c of the opening
19a are in fact tapered. A tractor constructed and arranged in accordance
with this first enbodinent elimnates the critical positioning of the
corrugat ed cardboard box. However, ‘this problemis first discussed with
reference to the conventional tractor and printer in FIGS. 9, 10 & 11.
Referring to the conventional printer in FIG 10(a), when front end 6c of
t he continuous paper is set in the tractl® -

shown) may be designed and arranged so that printing takes place
either from right to left or left to right as shown in FIG. 8.

Accordingly, when the continuous paper increases or
decreases in the widthwise direction and the two side edge
portions 6b, 6b of continuous paper 6 remain parallel to each
other, the increase or decrease of the paper width is absorbed
by the sliding action of pin belt 11 of tractor 40. However;
when the width of the continuous paper increases or decreases
such that the two side edge portions 5b and 6b are now tapered,
the width variations are absorbed by the inclining operation of
pin belt 11 of tractor 20. That is, in either of the examples
above, or when the above-mentioned two kinds of width vaiiatipns
or deformations occur essentially simultaneously, the continuous
paper can be properly conveyed in either a forward or reverse
paper-conveying direction.

It should be noted here that similar operation and
effects can be obtained when a tractor disclosed in the first
or third embodiment is used instead of tractor 20 in accordance
with the second embodiment.

Furthermore, other modifications or changes can be
made to the above-mentioned embodiments. For example, pin belt
11 is constructed so that the upstream side thereof in the
direction of the continuous paper feed can pivot about downstream side thereof.
However, just as effectively énd with the same results, pin belt 11 can be
constructed so that the downstream side thereof in the direction of the
continuous papter feed can pivot about upstream side thereof.

Therefore, the tractor of the present invention and
the continuous sheet feed mechanism employing the tractor of the
present invention results in a more accurate and more reliable
operation for éonveying paper, and further, a positive
continuous sheet feed operation can be executed. Specifically,
if the width of the continuous paper varies due to a change of
temperature, humidity oxr the 1like, using the tractor and
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of conventional printing apparatus 8, unused portion 6d of the continuous
paper remains stored.in corrugated cardboard box 9 which is placed on the
floor or the |like. However, as shown in FIG 10(b), corrugated cardboard
box 9 nust be set so that a center line 08 (accurately, a |ine passing
between a pair of tractors) of printing apparatus 8 is substantially
coincident with a center |ine 06 of continuous paper 6. |If center lines 08
and 06 are not aligned with each other, then continuous paper 6 will be set
at an angle relative to the tractor and T here

continuous sheet feed mechanism of the present invention will
yield more reliable and accurate paper conveying in a printer.

_ It will thus be seen that the objects set forth above,
among those made apparent from the preceding description, are
efficiently attained and, since certain changes may be made in
carrying out the above method without departing from the spirit
and scope of the invention, it is intended that all matter
contained in the above description shall be interpreted as
illustrative and not in a limiting sense.

It is also to be understood that the following claims
are intended to cover all of the generic and specific features
of the invention herein described, and all statements of the
scope of the invention which, as a matter of language, might be

said to fall therebetween.
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wi || be poor alignnment between the holes of the continuous paper and the
pins, resulting in poor paper conveying. Mre specifically, if the distance
bet ween center lines 08 and 06 is defined as [err] 1, the difference

bet ween the dianmeter of a pin on the pin belt and the diameter of a hole in
the paper is defined as d, and the anpunt,ghat hole. 6a—ean—de%efﬁrrs—ferr]

then to ensure proper paper conveying, the relatlonshl err
satisfied. Because d and [err] are snall, it is appar I‘ Iﬁ“ |I: ﬁlzlry

difficult to satisfy the
CLAIMS

1. A tractor (10) for feeding continuous paper with holes in the sides thereof in a
paper conveying direction, comprising:

at least one frame means (13, 14);

a drive pulley (15) supported by said frame means;

a pin belt (11) coupled to.said drive pulley for advancement thereby and formed
with pins (12) for engaging in the holes of the continuous paper; and characterised by

means (13g, 14g; 13h, 14h) for permitting said pin belt to incline with respect to
a paper conveying direction of said continuous sheets of paper.
2. The tractor as claimed in claim 1, wherein said pin belt is formed with a
continuous paper delivery surface, said tractor including a cover plate having an opening
formed to face said continuous paper delivery surface so that a plurality of pins, formed
on the pin belt, can extend therethrough, said opening in said cover plate is formed with
a pair of spaced side edges defining a tapered opening.
3. The tractor as claimed in claim 2, wherein said opening in said cover plate
decrease in width in the paper side conveying direction.
4, The tractor as claimed in claim 1, 2 or 3, wherein said pin belt is formed with
side surfaces, said means for permitting said pin belt to incline including at least one
inclined guide surface supported by said frame means for slidable engagement by a sidé
surface of said pin belt for guiding and defining a limit of inclination of said pin belt,
said at least one inclined guide surface defining an anglé to the paper conveying
direction.
5. The tractor as claimed in claim 4, wherein said means for permitting said pin belt
to incline includes a spaced pair of said inclined guide surfaces supported by said frame
means and defining a space between them tapered in the paper conveying directiqr} to

limit inclination of the pin belt. heet Has Been Replaced
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- 14 - above relationship while aligning the corrugated cardboard box 9 and
the paper. However, as will now be described, using the tractor of the
pr esent |nvent|Qn_eL4m—ﬁat€S 'such need for precisi 0ngy, BasBeéh 1aéed11 of

T i \\II\l\\ i

6. The tractor as claimed in claim 5, wherein each of said inclined guide surfaces is

discontinuous and includes first portions in the region of one end of the tractor as viewed
in the paper conveying direction and second portions in the region of the other end of the
tractor, said second portions being spaced farther frdm each other than said first portions
are spaced from each other. |
7. The tractor as claimed in claim 1 for mounting on at least a drive shaft, said
means for permitting said pin belt to incline including means for coupling said drive
pulley to said drive shaft so that said pin belt is advanced by said drive shaft and drive
pulley, said coupling means further permitting said tractor to pivot relative to said drive
shaft so as to permit said pin Bel_t to incline relative to said paper convéying direction.
8. A tractor (10) for mounting on a drive shaft (16) extending laterally of a paper
conveying direction for feeding continuous paper with holes in the sides thereof in the
paper conveying direction, comprising:

at least one frame means (13, 14);

a drive pulley (15) rotatably mounted in said frame means;

a pin belt (11) coupled to said drive pulley for being driven thereby; and
characterised by

means (13g, 14g; 13h, 14h) for coupling said drive pulley to said drive shaft for
rotation of said drive pulley by said drive shaft to drive said pin belt and for permitting
the pivoting of said drive pulley and frame relative to said drive shaft so that said pin
belt can incline relative to said paper conveying direction.
9. The tractor as claimed in claim 8, wherein said pin belt has a continuous paper
delivery surface supporting a plurality of pins and said tractor includes a cover plate
having an opening formed to face said continuous paper delivery surface so that said
plurality of pins formed on said pin belt can extend therethrough.
10.  The tractor as claimed in claim 8 or 9, wherein said drive shaft is formed with at

least one longitudinally extending recessed groove having a bottom surface, said drive
This is the replacement gheet
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incline freely, it is not necessary to set the corrugated cardboard box 9
as severely as in the conventional tractor. Referring to FIG 5, the
fol |l owi ng rel ationships—are est abl i shed as: (1) The TR EheeIHE: BRGIREpIREd

inclination fromt ion of pin belt 11 s [err];
(2) the length of ﬁ‘!ﬂmﬁ“mum‘nm sel Ya 24 he | engt hﬁﬂmmllggmﬂm X COS
[err]) 1s express wand B&cause x' - x is ver d to L1,
tan [err] can
pulley being formed with a wall defining an aperture therethrough through which said
drive shaft extends, said coupling means including a hold portion formed on said wall of
said drive pulley defining said aperture and pfojecting onto each of said recessed grooves
for operationally coupiing said drive shaft and drive pulley for rotation of said drive
pulley, each of said hold portions being formed to engage the bottom surface of the
associated groove and to bermit pivoting of the tractor at the point of contact between the
hold portion and the bottom surface of the groove. |
11.  The tractor as claimed in claim 10, wherein the hold portion includes a radially
extending connecting portion and a laterally extending pressure portion coupled to the
outer end of the connecting portion for engagement in the associated groove.
12.  The tractor as claimed in claim 10 or 11, wherein the surface of the pressure
portion engaging the bottom surface of the groove is arcuate.
13.  The tractor as claimed in claim 12, wherein said tractor includes a resilient
annular member intermediate said pressure portion and said wall of the drive pulley
 defining said aperture for biasing said pressure portion apart from said drive shaft.
14.  The tractor as claimed in claim 10 for being additionally supported by a guide
shaft, said frame méans including an elongated slot through which said guide shaft
extends. |
15. A continuous paper feed mechanism for fwding continuous sheets of paper with
holes in the sides thereof in a paper conveying direction, comprising:
a drive shaft (16) and a guide shaft (17), each extending laterally of the paper
conveying direction in parallel spaced relation; characterised by
a first tractor (10) and a second tractor each including a pin belt (11), at least one
of said first and second tractors including means (13g, 14g; 13h, 14h) for supporting the
| associated pin belt relative to the drivé shaft so that said associated pin belt can incline

with respect to the paper conveying direction.
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be expressed: Therefore, as shown in FIG 10(a), when the length of the
conti nuous paper fromthe tractor to the corrugated cardboard box 9 is
expressed as L2, then the anount 62 of the allowable shift in the
transverse direction between the cent er lines 08 and 06 in the present
enbodi nent can be_obtained from-the foll ow n equat i ahis SksetrHae Btsa Riegla

present tegbgg'swgﬁi\li\inh\iu|||\Tﬁ|\|au"ﬂl\ ot o

he

-23-

16.  The continuous paper feed mechanism as claimed in claim 15, wherein the other
of said first and second tractors includes means for supporting its pin belt relative to the

drive shaft so that the pin belt of said other tractor is displaceable in the longitudinal

direction of the drive shaft.
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considerably larger than the ampbunt of the allowable shift 6 1 in the
conventional tractor. Therefore, by using tractor 10 of the present
enbodi ment i nstead of a conventional tractor, there is very little
criticality in the placenent of the corrugated cardboard box 9 and-

ultimately the paper- alignnent.

-24 -

TRACTOR AND CONTINUQUS PAPER FEED MECHANISM
USING THE SAME

The present invention relates to an improved tractor (10) and a continuous paper
feed mechanism using the same which can more accurately convey continuous paper in a
forward or reverse paper conveying direction by compensating for any increase or
decrease in the width of the continuous paper due to change in temperature, humidity or
the like. The change in paper width is compensated for by either employing a tractor
having a pin belt (11) that can incline relative to the paper conveying direction or by
employing a tractor that pivots in accordance with the change in paper width to incline

the pin belt.

Figure 1. ' - T
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- 15 - Reference is now nade to FIG 6, disclosing a tractor, shown
generally at 20, in accordance with a second enbodi nent of the invention.
Tractor 20, in accordance with the second enbodi mrent, shows an alternate
construction and arrangenent of a main frame 23 and a sub-franme 24, and the
remai ning portions thereof are essentially simlar in structure to those in
the previously described first enbodi rrent Therefore, in FIG 6, the parts
of
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the second enbodinent simlar in structure to those in the first enbodi nent
are respectively given the sane reference nunerals and the description
thereof is omtted here. Main frame 23 and sub-frane 24 of tractor 20

i nclude i nner surfaces 23g and 24g, respectively. Inner surfaces 23g and
24g are tapered guide surfaces slidingly contactable with the side surfaces

of the pin belt 11. Furthernore, inner surfaces 23g and 24g are inclined
to the maxi mum angl e which pin belt 11 can incline to assist in the guiding
of pin belt 11. 2
FIGURE 2A | FIGURE 2B
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Tractor 20 operates simlarly and has the sane advantages as tractor 10 in
the first enbodinent. In addition, because guide surfaces 23g and 24g are
tapered, the inclined pin belt 11 is guided by guide surfaces 23g and 24g
so that the continuous paper can be conveyed both accurately and reliably.
Ref erence is now made to FIG 7, disclosing a tractor, shown generally at
30, in accordance with a third enbodi nent of the invention. In this third
enbodi ment, the entire tractor 30 can incline. Like reference nunerals are

used for |ikeredusen s 3
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in prior enbodi ments. Tractor 30 includes a pin belt 11, a main frame 33, a
sub-frame 34, a drive pulley 35, and a cover plate 19'. Because tractor 30
can incline, the cover plate can be forned of a S|mlar construction to the
conventional cover plate (with an el ongated sl ot having parallel rather
than tapered sides). Drive pulley 35, simlar to drive pulley 15 (FIG 2),
is formed with laterally extendi ng hubg respectively extending

FIGURE 5
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- 16 - into a hole 33d in main frane 33 and a hole 34d in sub-frame 34.
Like drive pulley 15, drive pulley 35 can also rotate. The center O of
drive pulley 35 fornms the axis upon which it rotates/inclines. Formed in an
i nner surface 35d of drive pulley 35, there is a pair of- hold portions 35a

integrally forned

FIGURE 7A FIGURE 7B
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therewith. Like tabs 15c of drive pulley 15, hold portions 35a are
constructed and arranged to engage in a recessed groove 16a forned in drive
shaft 16, and to hold drive shaft 16 elastically. Hold portions 35a each
include a projection-like pressure portion 35b for exerting pressure

agai nst the bottom surface 16b of the respective recessed groove 1l6a of
drive shaft 16. Pressure portions 35b have arcuate inner surfaces to define
| ine contact with bottom surface 16b of7the associ at ed groove

FIGURE 9 PRIOR ART
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16a. Hol d portions 35a al so include a connecting portion 35c for

I nt erconnecting pressure portion 35b with inner surface 35d of drive pulley
35 integrally and el astically. Connecting portions 35c are elastic and
permt each pressure portion 35b to rotate about its associ ated connecting
portion 35c. An annul ar elastic nenber 36, typically an Oring, is inserted
bet ween pressure portion 35b and inner surface 35d of drive pulley 35 and

i s supported by drive pulley 35. Annul ar® el astic menber 36 has an i nner

di aneter smaller than the outer

FIGURE 8
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di ameter of drive shaft 16. Annul ar elastic menber 36 strengthens
the holding force of drive shaft 16 by applying pressure to pressure
portions 35b, 35b. Annular elastic nenber 36 acts to resist against

uni ntended sliding of tractor 30 relative to drive shaft 16 and gui de shaft
17. Tractor 30, in accordance with the third enbodi nent, can pivot about an
I nt ermedi ate point O between the two pressure portions 35b 35b whi ch

results in pin belt 11 being pern1tted to8freely incline with respect to
t he paper conveying direction

FIGURE 10A
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of continuous paper 6. - 17 - To permt the pivotable novenent of
tractor 30, a pair of elongated insertion holes 33e and 34e are
respectively formed in main frame 33 and sub-frane 34, with guide shaft 17

passi ng t heret hrough.
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BACKGROUND OF THE INVENTION

. The present invention relates generally to a tractor for use
in delivering continuous paper in a printing device, such as
a priater or the like, and also to a continuous paper feed
Enccha_msm using such a tractor. In particular, the present
Invention relates to a tractor capable of conveying, both in
the forward and in the reverse direction, continuous paper
when the width thereof varies due to a change in temperature
or humidity. The present invention also relates to a continu-
ous paper feed mechanism using such a tractor.

‘Generally, a tractor which includes an eadless pin belt
with arrays of pins thereon is constructed and arranged so
that holes formed on the two sides of the conrinuous paper
eagage the pins of the pin belt to feed the continuous paper.
If the width of the continuous paper increases or decreases
due o 2 change in temperature or bumidity when the
position of the tractor (that is, the pin belt) is fixed, the holes
of 'the continuous paper cannot properly engage the pins of
the tractor, resulting in an inability to properly feed the
continuous paper.

Japanese, Patent Laid-Open Publication No. 1-271344
(Heisei) degcribigs a proposed tractor that attempts to solve
the heretofore fieationed probiem. FIG. 9 depicts a plan
view of the tractor described in Japanese Patent Laid-Open
Publication No. 1-271344 (Heisei). |

Shown in FIG. 9 is a drive shaft 1, a guide shaft 2 and a
frame member 3 which is slidably mounted onto drive shaft
landguidcshaftz.Amor4ispositioned within frame
member 3 and is slidably mounted onto drive shaft 1 and
guide shaft 2. Tractor 4 is forced in the direction of amrow
X1, as shown in FIG. 9, by a spring 5 interposed between
frame member 3 and tractor 4. Holes 6a are respectively
formed on the two side portions of continnous paper 6.
Tractor 4 also includes a pin belt, with a plurality of pins 4q
disposed thereon. Pins 4 are aligned and meshed with holes
6z to convey continuous paper 6 in a sheet feeding direction.
A cover piate 45 is provided for guiding continuous paper 6
and loosely holding the side portion 65 of continuous paper
Gbetwccnthcpinbeltandcbvmplate 4b. Cover plate 45 has
an clongated hole 4c formed therein that allows pins 4a to
extend therethrough. A lock mechanism 7 selectively
secures frame member 3 to guide shaft 2, so thar frame
member J can be prevented from sliding. B
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In addition, the structure of tractor 30 can be sinplified because | ock
| ever 18, present in tractor 10, can be eliminated. Reference is now made
to FIG 8 in which a continuous paper feed nechanismutilizing a tractor in
accordance with the above enbodi nents is disclosed. A continuous sheet feed
mechani sm has a first frame (not shown) positioned a predeterm ned distance
froma second frane (not shown). The T9rst franme and second franme are
f or med ~ Although FIG. 9 depicts only the left tractor, the right

tractor is identical to the tractor of FIG. 9 except to the extent

that the right tractor does not include frame member 3 and

spring 3. The right tractor is also fixed to guide shaft 2.

In this arrangement, spring 5 constantly applies tension to
continuous paper 6, causing tautness in continuous paper 6
in the widthwise direction. Therefore, even if the width W of
continuous paper 6 increases or decreases due to a change in
temperature or humidity, the increase or decrease is com-
pensated by the sliding of tractor 4 along drive shaft 1 and
guide shaft 2 and the two side edge portions 6b of continu-
ous paper 6 are kept parallel to each other. In this manner,
continuous paper § can be conveyed in the forward or
reverse direction.

The conventional tractor employing the stucture
described above has the following problem. When the width
W of the continuous paper increases or decreases while the
two sides edge portions 65 of continuous paper 6 remain
parallel to each other, the paper increase or decrease in the
widthwise direction is compensated by sliding tractor 4
hocizontally so that continuous paper 6 can be properly
conveyed. However, in some instances, the width of the
continuous paper does not uniformly increase or decrease in
such a manner that the two side edge portions 6b remain
parallel, but rather, the side edge portions 65 vary in such a
way that the continuous paper, when viewed lengthwise,
appears to taper.

Although the conventional tractor will slide, the tractor
cannot accurately follow the variations in the paper when the
two side edge portions of the continuous paper taper. As a
result, holes 6a of continuous paper 6 may shift, causing 2
misalignment between at least one pin 4a and at least one
hole 6a, resulting in unreliable paper conveying, regardless
of whether it is in a forward or reverse direction.

The variation in width of the continuous paper may be
caused by a change in the temperature or humidity. Most
frequently, the charge will occur because of the frequent
changes in temperature or humidity during the course of an
average day, week, etc. where the printer is operating. A
change may also occur when the continuous paper supply is
transported from one environment with a set temperature
and/or humidity to another environment having a different
temperature and/or humidity. As will be explained below,
because different portions of the paper are exposed to
diffecent amounts of the outside air, the paper, throughout a
predetermined length, may vary in width by a reladvely
large amount.
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fromthe side frames of a printer or a simlar device. Extending between
the first frane and the second frane is drive shaft 16 and gui de shaft 17.
Tractor or 20 or 30 is nounted on drive shaft 16 and gui de shaft 17. As
shown in FIG 8, two tractors are provided. In this enbodi nent, a tractor
20 as disclosed in the second enbodi nent is positioned on the right as
viewed in FIG 8, and tractor 40 constructed in accordance with the prior
art is positioned on the left. Tractor 40 is arranged to permt a pin belt
11 to be slidably -3-

Reference is now made to FIGS. 10(a), (b) and FIG. 11 to
more specifically illustrate the effect of having different
portions of the continucus paper exposed to different tem-
perature and/or humidity conditions.

As illustrated in FIG. 10(a), alignment is typically made
between a front end 6c of continuous paper 6 and the
coaventional tractor of a conventional printing apparatus §,
while the remaining continuous paper portion 64 of con-
tinuous paper 6 remains in a corrugated cardboard box 9,
placed by way of example, on the floor.

By way of example, an air conditioning unit may reduce
the bumidity within the room that houses printing apparatus
8. The portion of continuous paper 6 between printing
apparatus 8 and corrugated cardboard box 9 which is
exposed to the air has water being constantly evaporated
therefrom, causing continuous paper € to decrease in the
widthwise direction. However, the unused portion 6d of
continuous paper 6, which remains in corrugated cardboard
box 9, is essentially not exposed to the air, but for the end
portion thereof. Accordingly, unused portion 64 will have
more moisture therein than the exposed portion of continu-
ous paper 6 and therefore may also be wider than the
exposed portions of the continuous paper.

In other words, the width of continuous paper 6 proximate
to printing apparatus 8 maybe narrower than the width of
continuous paper 6 within corrugated cardboard box 9.
Accordingly, as shown in FIG. 1t, the width of continuous
paper 6 may vary in a tapered manner from a wide portion
to a narrow portion.

As noted above, variations in the nature of the taper in the
width of continuous paper can result when temperature
and/or humidity varies between the place storing the con-
tinuous paper and the location of the continuous paper where
the printing apparatus is ultimately located. Thus, for
example, if continuous paper 6 is stored in an area having an
essentially constant high temperature or humidity, in a
warehouse for example, then continuous paper 6 will absorb

a relatively large amount of water and the width of continu-
ous paper 6 will increase. However, if the expanded con-
tinugus paper 6 is then used with printing apparatus 8 in an
environment where the temperature and/or humidity is low,
such as in an air conditioned facility, the portion of con-
tinuous paper 6 proximate to printing apparatus 8 will
essentially immediately begin drying because of the evapo-
ration of moisture. Accordingly, the width of continuous
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nmounted in the direction of arrows bl, b2 against the force of a spring 41.
The print head of the printing apparatus (not This Sheet Has Been Repl aced
shown) may be designed and arranged so that printing takes place either
fromright to left or left to right as showmn in FIG 8. Accordingly, when

t he conti nuous paper increases or

-4~

paper 6 will decrease. However, unused portion 64 of
continuous paper 6 located within corrugated cardboard box
9 will not have moisturce evaporate therefrom at the same
rate as the portion proximate to printing apparatus § because
only the end portion thereof is exposed to the air. Therefore,
the wifith of the paper in corrugated box 9 will not decrease
as rapidly or as much as the portion proximate tg printing
apparatus 8, and the width of continuous paper 6 proximate
to pnnting apparatus 8 will not equal the paper width of
continuous paper 6 within corrugated cardboard box 9,
Ag?m, .FIG. 11 illustrates a sheet of continuous paper that
vanes in width. The paper width tapers from the wide
portion to the narrow portion and, hence, does not feed
Properly.

When the width of comtinuous paper 6 varies in the
tapered manner as described above, the conventional tractor
cannot follow the width variations of continuous paper 6
and,.as further shown in FIG. 11, one or more holes 6z of
continuous paper 6 shift away from one or more pins 4a,
which will result in poor paper conveying.

A.ccoz'dingly. it is desired to provide an improved tractor
having a construction which will allow continnous paper to
be gccurately fed even if the width of the contimzous paper
varies (eit!zer increases or decreases) in a tapered manger. It
is also desired to provide an improved continuous paper feed
mechanism having a construction which uses such an
improved tractor construction.

SUMMARY OF THE INVENTION

Generally speaking, in accordance with the present inven-
tion, a tractor for feeding continuous sheets of paper with
holes in the sides thereof includes at least one frame, a drive
pulley and a pin belt, the pin belt being arranged so that it
can incline with respect to a paper conveying direction. The
tractor further includes a cover plate which has an opening
formed to face said continuous paper delivery surface so that
a plurality of pins, formed on the pin belt, can extend
therethrough. The opening in the cover plate increases in
width from a first end of the opening to a second end of the
opening. The tractor can also include at least one guide
surface for guiding the pin belt, the at least one guide surface
increasing in width from a first end of said at least one guide
surface to a second end of said at least one guide surface.

In a third embodiment, the tractor actually can pivot about
a predetermined axis so that the tractor can more accurately

This is the replacement sheet

02 Fep 98

Date:



_ _ . i dge portions 6b, 6b
decreases in the widthw se direct Cml a?g nght\gﬁhzlrdet ﬁegi n(F:)rease or
of continuous paper 6 renaln.para||eb d by the sliding action of pin belt
decrease of the paper width s absor 'edt hyof the continuous paper increases
11 of tractor 40. Hovever, when the edge portions 8b and 6b are now
or decreases such that the two S|debgoggeg by the inclining operation of
tapered, the width }[/g;l SE)I oq_ﬁa?r ?Sa in either of the exanples above, or
\a}hgnbtelhte ;%osfe- ';nraﬁtci oned two kinds of wmidth variations
convey the continuous Paper in a paper conveying airection.
Lastly, a continuous Paper feed mechanism is provided for
ing continuous sheets of paper with holes in the sides
thereof. The continuous Paper feed mechanism includes a
first frame and a second frame positioned a predetermined
distance from the first frame, a drive shaft and a guide
member each being disposed between said first frame and
said second frame, and a first tractor and a second tractor, at
least one of the first and second tractors having a pin belt
arranged so that the pin belt can incline with respect to a
paper conveying direction.
Accordingly, it is an object of the present invention to
provide an improved tractor for use in a printing device.
It is another object of the present invention to provide an
improve tractor that can convey paper more easily and
accurately even though the width of the paper may vary due
to change in climate conditions.
Still further, it is an object of the present invention to
provide an improved continuous sheet feed mechanism that
has a simple construction,

Yet further, it is an object of the present invention to
provide an improved successive sheet feed mechanism that
Can convey paper more easily even though the width of the
Paper may vary due to change in climate conditions,

Stll other objects and advantages of the invention will in
part be obvious and will in part be apparent from the
specification and drawings,

The invention accordingly comprises the several steps and
the relation of one or more of such steps with respect to each

. of the others, and the article possessing the features, prop-
erties and the relation of elements, which are exemplified in
the following detailed disclosure, and the scope of the
invention will be indicated in the claims,

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the inveation, refereace is
had to the following description taken in coanection with the
accompanying drawings, in which:
FIG. 1is a plan view of 2 tractor in accordance with 2 first
embodiment of the Present invention; .
FIG. 2(a) is a side view of the tractor in accordance with
the first embodiment of the present invention; _
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or deformations occur essentially sinultaneously, the continuous paper can
be properly conveyed in either a forward or reverse paper-conveyi ng
direction. It should be noted here that simlar operation and effects can
be obtai ned when a tractor disclosed in the first or third enbodinent is
used instead of tractor 20 in accordance with the second enbodi nent.
Furt hernore, other nodifications or changes can be nade to the
above-nmenti oned enbodi nents. For exanple, pin belt

-6~

FIG. 2(b) is a cross-sectional view of the structure of the
tractor taken along line 25—2p in FIG. 2(a);

] FIG. 3 ;sd a plan view of a sheet of continuous paper which
18 conveyed in a paper conveying direction showj

width thereof can vary; - vinghowthe
] FIG.4isa zglan view of a sheet of continuous paper which
18 conveyed in a paper conveying direction showing an
altemate way in which the width thereof can vary;

FIG. § ig a plan view showing how the pin belt can pivot
S0 as to be_mclmed to the normal paper feed direction during
the operation of the tractor constructed in accordance with
the first embodiment of the invention;

FIG. 6 is a plan view of a tractor in accordance with a
second embodiment of the present invention;

FIG. 7(a) is a side view of the tractor in accordance with
a third embodiment of the present invention;

FIG. 7(b) is a cross-sectional view of the structure of the
tractor taken along the line 76—7b in FIG. 7(a);

FIG. 8 is a plan view of a continuous paper feed mecha-
nism in accordance with the invention;

FIG. 9 is a plan view of a conventional tractor in accor-
dance with the prior art;
] FIG. _10(a) is a side view of a conventional printer
illustrating the standard operation in which the continuous
paper is generally used;
) FIG. .10(b) is a rear view of a conventional printer
illustrating the standard operation in which the continuous
paper is generally used; and

FIG. 11 is a plan view of a coaventional tractor during a
paper feed operation in accordance with the pror art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference is first made to FIGS. 1, and 2(a) and 2(b) of
the drawings which depict a tractor, generally indicated at
10, constructed in accordance with a first embodiment of the
present invention. .

~ Tractor 10 includes an endless type pin belt 11, 2 main
frame 13, a sub-frame 14, a drive pulley 15, a lock lever 18,
and a cover plate 19 shown in the open position. Main frame
13 and sub-frame 14 are fixedly connected to each other by
connecting means (not shown) such as a bonding agent or
the like, and main frame 13 and sub-frame 14 are slidably
mounted as a unit on drive shaft 16 and guide shaft 17. It is
to be noted that although reference will be made to tractor
This is the replacement sheet
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11 is constructed so that the upstream side thereof in the direction of the
conti nuous paper feed can pivot about downstream side thereof. However,
just as effectively and with the sanme results, pin belt 11 can be
constructed so that the downstream side thereof in the direction of the
continuous papter feed can pivot about upstream side thereof. Therefore,
the tractor of the present invention and the continuous sheet feed
mechani sm enpl oying the tractor of the present invention results in a nore
accurate and nore reliable operation fter conveying paper, and further, a
positive

19, a second tractor must also be employed for the continu-

ous sheet feed mechanism to properly operate, although the

second tractor need not be identical to tractor 10, as will be

discussed below with reference to FIG. 8. Further, drive

shaft 16 and guide shaft 17 are both supported by a pair of

spaced side frames (not shown), as will also be described

below with reference to FIG. 8.

As further disclosed in FIG. 2(b), main frame 13 includes

!m!e 13d and sub-frame 14 includes hole 144. Drive shaft 16

. 1s 1nserted through holes 134 and 144. Drive pulley 15 is

rotat?bly mounted between main frame 13 and sub-frame 14

?nd 1s provided with hubs 15a on each side which extend
into holes 134 and 144,

Drive pulley 15 is formed with a central bore 15b there-
through for receipt of drive shaft 16 and is constructed and
arranged to slide relative to drive shaft 16. Drive pulley 15
is formcc.i with a pair of inwardly projecting tabs 15¢ which
::r? rezc;tv.te;i.sin kt):fimdinany extending grooves 16z in

ve s , 8O that drive pulley 15 is i i
by drive shaft 16. i rorarionally driven

.Main frame 13 and sub-frame 14 are respectively formed
with a hqlc 13e and a mating tubular portion 14e, through
yv!nch guide shaft 17 can be inserted. A tubular member 184,
integrally formed with a lock lever 18, is fitted into hole 13e
and tubular portion 1de, and guide shaft 17 is inserted
through tubular member 18z, Tubular member 18z is
.formcd eccentrically. In this configuration, if lock lever 18
18 rotated clockwise, as illustrated by arrow al in FIG. 2(a),
the:n lock lever 18 engages main frame 13, sub-frame 14 and
guide .shaft 17 to lock tractor 10 onto guide shaft 17.
Likewise, if lock lever 18 is rotated counterclockwise, as
illustrated-by arrow a2, then lock lever 18 releases the
engagement between tractor 10 and guide shaft 17 to allow
tractor 10 to slide relative to guide shaft 17.

One end of the continuous pin belt 11 extends around a
central region formed with spaced, outwardly projecting
teeth 154 for mating with teeth on pin belt 11, and the
portion of the pir belt coupled to the continuous paper is
preferably rotationally driven in the direction of arow ¢ in
FIG. 2(a). A semi-tubular guide portion 14f is formed in
sub-frame 14 to guide the other end of continuous pin belt
11 Alternatively, a driven pulley can be provided instead of
the above-mentioned semi-tubular guide portion 14e. for
guiding the other end of pin belt 11.
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conti nuobus sheet feed operation can be executed. Specifically,
of the continuous paper varies due to a change of tenperature,

the like, using the tractor and -
i nvention wl |

of the present

conveying in a printer.

-8-

Pin belt 11 has an outer surface with an array of substan-
tially conical (i.e., bullet-shaped) pins 12 thercon. In this
way, the holes formed in the continuous paper can engage
with pins 12 sa the continuous paper can be conveyed in
paper conveying direction c1 in FIGS. 1 and 25. On the inner
surface of pin belt 11 are teeth 11g which can engage teeth
15d of drive pulley 15.

As illustrated in FIG. 1, the lateral range of displacement

of pin belt 11 is restricted in a direction perpendicular to the
paper conveying direction arrow cl as it rotates. On the one
hand, pin belt 11 is restricted by the contact with inner
surface 13g on main frame 13 and inner surface 14g pro-
vided on sub-frame 14. On the other hand, as pin beit 11
revolves around drive pulley 15, it is restricted by the
contact with inner surface 134 on main frame 13 and inger
surface 144 on sub-frame 14.

Accordingly, a relationship can be established between
pin belt 11, main frame 13 and sub-frame 14. As shown in
FIGS. 1 and 2, “x” is the width of pin belt 11, “y” i3 the
distance between inner surface 13g on main frame 13 and
inner surface 14g of sub-frame 14, and “z” is the distance
between inner surface: 134 of main frame 13 and inger
surface 14k of sub-frame 14. It is clear that pin belt 11 can
slide laterally a distance (y—x) around guide portion 14f and
a distance (z—x) around drive pulley 15. It is to be noted that
y-X is greater than z—x. Therefore, pin belt 11 can incline
with respect to the paper conveying direction of the con-
tinuous paper. This incline is facilitated by a sufficient slack
in the mounting of pin belt 11.

As further shown in FIG. 1, cover plate 19 is constructed
and mounted to main frame 13 so that it can open and close.
Specifically, main frame. 13 is formed with a pair of hinge
portions 13a and cover 19 is formed with a pair of corre-
sponding hinge portions 194, Each hinge portion 13c is
joined to a hinge portion 13a by means of a shaft 195. FIG.
1 shows cover plate 19 in the open position. Cover plate 19
has an opening 194 to allow pins 12 of pin belt 11 to extend
therethrough. Opening 19z has 2 shape in which the two side
edges 19¢, 19¢ thereof are tapered. This corresponds to the
inclined range of movement of pin belt 11.

The setting of continuous paper into the tractor as well as
the operation of the tractor will now be described with
reference to FIGS. 1 to 3.

If the width
hum dity or

19 - continuous sheet feed nechani sm
yield nore reliable and accurate paper
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It wll thus be seen that the objects set forth above, anong those nade

apparent fromthe preceding description, are efficiently attained and,
since certain changes may be made in carrying out the above nmethod w t hout
departing fromthe spirit and scope of the invention, it is intended that
all matter contained in the above description shall be interpreted as
illustrative and not in alimting sense. It is also to be understood that
the following clainms are intended to cov@r all of the generic and specific

f eat ures

ﬁnE:::n:ous Gpaper 6 is first set so that holes 64 of con-
e l)p Ig:r (FIG. 3) can engage pins 12 of pin beit 11
- 2)- Next, cover p}ate 19 is closed in order to prevent

holes 6z from disengaging with.pins 12. If necessary, tractor

Oance cover plate 19 is closed and tractor 10 s

3 . - o crl
:.g;usted, pin belt 11 13 ready for operation. A mopurarp(no);
mown) or .the like drives drive shaft 16, Drive shaft 16
dn%age; dnye pulley 15. Pin belt 11 is then rotationally
, ac?o n;; :Sve pulley 15, Hence, continuous paper 6 is fed
FIGS. & o ggper conveying direction. (See arrow ¢l of
160 .th' and 3.) L‘xkew.xse, if the moter rotates drive shaft
. 18 the opposite direction, then contimious paper 6 is fed
m ; re;erse paper conveying direction.

ach of the pins on pin belt 11 is substantial] i

ﬁ;::gd?gly, when the pm belt shifts due to the thgfaiﬁ
o 31 the paper, there is no problem because round holes
o e rg_;per will almost always properly align with pins
Wiza: i:q gly, the sl:lape of the pins or holes is not a factor.
o  LMportant, as 1lh_xst.rated in FIG. 3, is that if the width

continuous Paper 6 increases or decreases, the tapered
lplonax;a: 65 of continuous paper 6 reaches pins 12 of pin belt
3 a transverse force is applied to pins 12 so that pins
y Contigually engage holes 6a of continuous paper 6

ccf)tdmgly. pin belt 11 can incline and follow the tapcmd
glomon of continuous paper 6. By way of example, FIG. 3
illustrates hgw d.ze width of continuous paper 6 g;aduail
Increases. Likewise, the width of continuous paper 6 cazjx!

gradually decrease (not shown). As further i
sh . sha
:ci::;pcftamm anq/or humidity conditions may m:snclgtiignt
of the continuous paper 6 to vary in width. However, if

modated and accepted. This aiso results { i
am[:unt of paper that might otherwise t‘xxi:/se :1; ;f:d:i?c:%d?: '
accordance with the first embodiment, pin belt 11 i
tccontshtmct«':d and arranged to be freely im:linabhg1 with reslgecl::
o © paper conveying direction of continugus paper 6
refore, 1f the width of continugus paper 6 increases oé
gecreasa._. pin belt '11 can follow gradual increases qr
ecr;ga in paper width in continuous paper 6 by rotatin
accordingly. The possibility that holes 6a of continuoug
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of the invention herein described, and all statenents of the scope of the

i nvention which, as a matter of |anguage, m ght be said to fall .
![herebetvveen. 20 1. A tractor (10) for feeding continuous paper with

holes in the sides thereof in a paper conveying direction, conprising:

-10-

Paper 6 will shift from pins 12 of pin belt 11 is greatly
reduced, resulting in more reliable paper conveying.

Further, since the two side edges 19¢, 19¢ of opening 192
of cover plate 19 are tapered, the inclining operation of pin
belt 11 disclosed above is not hindered ar all, and continuous
Paper 6 can be conveyed in a forward or reverse paper
conveying direction between a continuous paper delivery
surface 11b (see FIG. 1) of pin belt 11 and cover plate 19,
which also makes it possible to more accurately and reliably
convey the continuous paper. Stated another way, if the two
side edges 19¢, 19¢ of opening 19a did not taper but rather
were parallel to each other equal to the distance at the widest
point when tapered, then the distance between the two side
edges 19¢ and 19c in the region proximate to drive pulley 15

- would be wider than necessary and would prevert cover
plate 19 from properly holding continuous paper 6. Accord-
ingly, the possibility that cover plate 19 will not properly
Secure continuous paper 6 is essentially eliminated since the
two side edges 19¢ and 19c¢ of the opening 19a are in fact
tapered.

A tractor constructed and arranged in accordance with this
first embodiment eliminates the critical positioning of the
corrugated cardboard box. However, this problem is first
discussed with reference to the conventional tractor and

printer in FIGS. 9, 10 & 11.
crring to the conventional printer in FIG. 10(a), when

front end 6c of the continuous paper is set in the tractor of
conventional printing apparatus 8, unused portion 64 of tie
continuous paper remains stored in corrugated cardboard
box 9 which is placed on the floor or the like. However, as
shown in FIG. 10(8), corrugated cardboard box 9 must be set
so that a center line 08 (accurately, a line passing between a
pair of tractors) of printing apparatus 8 is substantially
coincident with a center line 06 of continuous paper 6. If
center lines 08 and 06 are not aligned with each other, then
continuous paper 6 will be set at an angle relative to the
tractor and thus there will be poor alignment. between the
holes of the continuous paper and the pins, resulting in poor
paper conveying,

More specifically, if the distance between center lines 08
and 06 is defined as 31, the difference between the diameter
of a pin on the pin belt and the diameter of 2 hole in the paper
is defined as d, and the amount that hole 6z can deform is
A, then to ensure proper paper conveying, the relationship
81<d+A must be satisfied. Because d and A are small, it is
apparent that it is very difficult to satisfy the above relation-
ship while aligning the corrugated cardboard box and the
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at | east one frame neans (13, 14); a drive pulley (15) supported by said
frame neans; a pin belt (11) coupled to said drive pulley for advancenent
thereby and fornmed with pins (12) for engaging in the holes of the

conti nuous paper; and characterised by neans (13g, 14g; 13h, 14h) for
permtting said pin belt to incline wwth respect to a paper conveying
direction of said continuous sheets of paper. 2. The tractor as cl ai ned
in claiml, wherein said pin belt is fornmed with a continuous paper
delivery surface, said tractor including a cover plate having an opening
formed to face said continuous paper deITUéry surface so that a plurality
of pins, forned paper.

However, as will now be described, using the tractor of
the present invention climinates such need for precision.
Since pin belt 11 of tractar 10 is constructed and arranged to
incline freely, it is not necessary to set the corrugated
cardboard box 9 as severely as in the conventional tractor,

Referring to FIG. 5, the following relationships are estab-
lished as:

(1) The maximum angle of inclination from the neutral
position of pin belt 11 is expressed as 9;

(2) the length of pin belt 11 (precisely, the length of pin
belt 11xcos ) is expressed as L1; and

(3) x'=x/cos 0.

Because x'—x is very small compared to L1, tan 8 can be
expressed:

tan 8={((p+2/2)x)/LL.

Therefore, as shown in FIG. 10(a), when the leagth of the
continuous paper from the tractor to the corrugated card-
board box 9 is expressed as L2, then the amount 32 of the
allowable shift in the transverse direction between the center
lines 08 and 06 in the present embodiment can be obtained
from the following equation:

82=L2xtan B+d+A

Since L2 is very large with respect to L1, the amount of

the allowable shift 82 in the present embodiment is consid-
erably larger than the amount of the allowable shift 51 in the
conventional tractor.
. Therefore, by using tractor 10 of the present embodiment
instead of a conventional tractor, there is very little criticality
in the placement of the corrugated cardboard box 9 and
ultimately the paper alignment. :

Reference is now made to FIG. 6, disclosing a tractor,
shown generally at 20, in accordance with a second embodi-
ment of the invention.

Tractor 20, in accordance with the second embodiment,
shows an alternate construction and arrangement of a main
frame 23 and a sub-frame 24, and the remaining portions
thereof are essentially similar in structure to those in the
previously described first embodiment. Therefore, in FIG. 6,
the parts of the second embodiment similar in structure to
those in the first embodiment are respectively given the
same reference numerals and the description thereof is
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on the pin belt, can extend therethrough, said opening in said cover plate
is formed with a pair of spaced side edges defining a tapered opening. 3.
The tractor as clained in claim2, wherein said opening in said cover plate
decrease in width in the paper side conveying direction. 4. The tractor
as claimed in claiml, 2 or 3, wherein said pin belt is formed with side
surfaces, said neans for permtting said pin belt to incline including at
| east one inclined guide surface supported by said frane nmeans for slidable
engagenent by a side surface of said pinXelt for guiding and defining a
limt of inclinatio Z‘aeifd pin belt, said at |east one inclined guide
surface defining an% fzagetrge %aper conveyi ng

. and sub-frame 24 o :

au;:txierz:urfaces 23g and 24g, respectivelylf m:uzr‘f’a;z l;sd;

.o <8 2t tapered guide surfaces slidingly contactable

Tractor 20 operates similarly and has the same advantages
as tractor 10 in the first embodiment. In addition, because
gux(.ie sm:faces 23g and 24g are tapered, the inclined pin belt
1 is guided by guide surfaces 23g and 24g so that the
continuous paper can be conveyed both accurately and
reliably.

Reference is now made to FIG. 7, disclosing a tractor,
shown generally at 30, in accordance with a third embodi-’
meat of the invention. In this third embodiment, the eatire

- tractor 30 can incline. Like reference mumerals are used for
like elements in prior embodiments,

Tractor 30 includes a pin beit 11, 2 main frame 33, a
sub-frame 34, a drive pulley 35, and a cover plate 19",
Becau§e tractor 30 can incline, the cover plate can be formed
?:i :h stmxtl:lar constru;:tion to the conventional cover plate

an clon slot havi
iy gated having parallel mther than tapered

Drive pulley 35, similar to drive pulley 15 G. 2), is

iformed with laterally extending hubs gpeiﬁveg:xwm‘)ﬁng
into a hole 334 in main frame 33 and a hole 34d in sub-frame
34. Like drive pulley 15, drive pulley 35 can also rotate. The
center O of drive pulley 35 forms the axis upon which it
rotatesfinclines.
' Fom:xed in an inner surface 354 of drive pulley 35, there
is a pair of hold portions 35a integrally formed therewith,
Like tabs 15c of drive pulley 15, hold pottions 35a are
construqted and arranged to engage in a recessed groove 16a
ler;ned in drive shaft 16, and to hold drive shaft 16 elasti-
cally.

led portions 35a each include a projection-like pressure
portion 355 for exerting pressure against the bottom surface
165 of the respective recessed groove 16a of drive shaft 16,
P.‘ressure portions 35b have arcuate inner surfaces to define
line contact with bottom surface 166 of the associated
groove 16a. Hold portions 35a also include a congectine
portion 35c for interconnecting pressure portion 355 with
inner surface 35d of drive pulley 35 integrally and elasti-

- cally. Connecting portions 35c are elastic and permit each
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pin belt.

21

[ [ [ [ i d means for
[ [ 5 The tractor as clainmed in claim4, ghegsLnO?a;gid ans tor
dlreptlpn. séid pin belt to incline includes a spaced p 2 paan betamen
perg1t;hp?aces supported by said frane means and F?L;?lng
?Egnstapered in the paper conveying direction to

-]3-

Pressure portion 355 1o rotate about its associated connect-

Ing portion 35¢.

_ An annular elasgic member 36, typically an O-ring, is

serted between pressure portion 354 and inner surface 354

of drive pulley 35 and is supported by drive pulley 35,
ular elastic memper 36 has an inper diameter smaller

ing direction of continuous paper 6,

To permit the pivotable movement of tractor 30, a pair of
elongated insertion boles 33¢ and 34, are respectively
formed in main frame 33 and sub-frame 34, with guide shaft
17 passing therethrough,

_When it is desired to laterally displace tractor 30 along
drive shaft 16 and guide shaft 17, a force sufficient to

displaced along the width direction of the continuous paper.
Tractor 30, constructed and arranged in accordance with

the third embodiment, Opcrates essentially the same as the
tractor in the first two embodiments, and likewise, has the
same advantages,

In addition, the structure of tractor 38 can be simplified
because lock lever 18, present in tractor 10, can be elimi-
nated.

Reference is now made to FIG. 8 in which a continuous
paper feed mechanism utilizing a tractor in accordance with
the above embodiments is disclosed.

A continuous sheet feed mechanism has a first frame (not
shown) positioned a predetermined distance from a second
frame (not shown). The first frame and second frame are
formed from the side frames of a printer or a similar device,
Extending between the first frame and the second frame is
drive shaft 16 and guide shaft 17. Tractor 20 and 40 are
mounted on drive shaft 16 and guide shaft 17,

i nclination of the
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6 The tractor as clainmed in claimb5, mherfin Sach ?{oﬁgi?ni?ﬁgipggion
i ; . . . . O r
i urfaces is discontinuous and includes first p . . :
grlgﬁesend of the tractor as viewed in the paper conveying dlrect!gnsgggnd
second portions in the region of the other end of the tractor, sai

i [ I rst portions are
i farther from each other than sa!d f|r_s
D oot 09 ppacee 7 The tractor as clained in claim1 for

d fromeach other. 7. ract (Ll , ,
frgﬁ(r:l?i ng on at | Sast a dri vfeofhgghl,ol isﬁlgfﬁ.amiegnfirr\?re Bﬁlr Ime;t![(r)]gsZ?IdddP: Cebel t
toincline inclu ing_neans ( _ . drive
i in belt is advanced by said drive shaft and ¢
;Bﬁc an,sos;ihgt czﬁlpldi Ircl)g means further permtting said tractor to pivot
relative to said driveAs shown in FIG. 8, two tractors are provided. In this
embodiment, a tractor 20 as disclosed in the second embodi-
ment is positioned on the right as viewed in FIG. 8, and
tractor 40 constructed in accordance with the prior art is
positioned on the left. Tractor 40 is arranged to permit a pin
belt 11 to be slidably mounted in the direction of arrows bl,
b2 against the force of a Spring 41. The print head of the
Prinung apparatus (not shown) may be designed and
arranged so that printing takes place either from right to left
or left to right as shown in FIG. 8.
Accordipgly, when the continuous paper increases or
decreases in the widthwise direction and the two side edge
portions 6_b, 6b of continuous paper 6 remain parallel to each

tially simu;taneously, the continuous paper can be properly
conveyed in either a forward Or reverse paper-conveying
direction.

It should be noted here that similar operation and effects
can be obtained when 3 tractor disclosed in the first or third
embodiment is used instead of tractor 20 in accordance with
the second embodiment.

Furthermore, other modifications or changes can be made
to t!ze above-mentioned embodiments. For example, pin belt
1} 1S constructed so that the upstream side thereof in the
direction of the continuous paper feed can pivot about
dqwns:ream side thereof, However, just as effectively and
with the same resuits, pin belt 11 can be constructed so that
the downstream side thereof in the direction of the continy-
Ous papter feed can pivot about upstream side thereof,

’I'I_lerefore, the tractor of the present invention and the
continuous sheet feed mechanism employing the tractor of
the: present invention results in a more accurate and more
rf:hable operation for conveying paper, and further, a posi-
ve continuous sheet feed operation can be executed. Spe-
cifically, if the width of the continuous paper varies due to

This is the replacement sheet



shaft so as to permt said pin belt to incline relative to said paper
conveying direction. 8. A tractor (10) for nounting on a drive shaft

(16) extending laterally of a paper conveying direction for feeding

conti nuous paper with holes in the sides thereof in the paper conveying
direction, conprising: at |east one frane nmeans (13, 14); a drive pulley
(15) rotatably mounted in said frane neans; a pin belt (11) coupled to said
drive pulley for being driven thereby; and characterised by neans (13g,

14g; 13h, 14h) for coupling said drivespulley to said drive shaft for

2 change in temperature or humidity, using the tractor and
:vc;ﬁu;x}x?gs sheet t;eed mechanism of the present invention
teld more relia ing i
orintee ble and accurate paper conveying in a
It will thus be seen that the objects set forth above, among
thosg, made apparent from the preceding description, ar:
?ﬂicxent_ly attained and, since certain changes may be made
1n carrying out the above method without departing from the
spxnt.and scope of the invention, it is intended that all matter
contained in the above description shall be interpreted as
111ust}-aUVe and not in a limiting sense.
It is also to be understood that the following claims are
tended to cover all of the generic and specific features of
the invention herein described, and all statements of the
scope of the invention which, as a matter of language, might
be said to fall therebetween.
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rotation of said drive pulley by said drive shaft to drive said pin belt
and for pernitting the pivoting of said drive pulley and frane relative to
said drive shaft so that said pin belt can incline relative to said paper
conveying direction. 9. The tractor as clainmed in claim8, wherein said
pin belt has a continuous paper delivery surface suppoerting-aplurality of
pins and said tractor includes a cover plate havin opening formed to
face said continuous paper delivery surface so tha?,ﬁhﬁﬁ@l'ﬂﬁﬂ"ﬂ“lﬁf pi ns
formed on said pin belt can extend theqngthrough. 10./7%%% s
claimed in claim8 or 9, wherein said drive shaft is fornmed with at |east
one longitudinally extending recessed groove having a bottom surface, said

drive What is claimed is:
1. A tractor for feeding continuous paper with holes in the
sides thereof in a paper conveying direction, comprising:
at least one frame;
a drive pulley supported by said frame;
a pin belt coupled to said drive pulley for advancement

thereby and formed with pins for engaging in the holes
of the continuous paper; and

means fgr permitting said pin belt to incline in the lateral
direction of said paper for the purpose of compensating
for taper in said paper due to climate variation.

2. The tractor as claimed in claim 1, wherein said pin belt
is formed with a continuous paper delivery surface, said
tractor including a cover plate having an opening formed to
face said continuous paper delivery surface so that a plu-

rality of pins, formed on the pin belt, can extend there-
thx:ough, said opening in said cover plate is formed with a
pair of spaced side edges defining a tapered opening.

. 3. '!"he tractor as claimed in claim 2, wherein said opening
in said cover plate decrease in width in the paper side
conveying dircction.

. 4. The tractor as claimed in claim 3, wherein said pin belt
is formed with side surfaces, said means for permitting said
pin belt to incline including at least one guide surface
supported by said frame for slidable engagement by a side
surface of said pin belt for guiding and defining a limit of
inclination of said pin belt, said at least one guide surface
defining an angle to the paper conveying direction.

S. The tractor as claimed in. claim 4, wherein said means
for permitting said pin belt to incline includes a spaced pair
of said inclined guide surfaces supported by said frame and
defining a space between them tapered in the paper convey-
ing direction to limit inclination of the pin belt.

6. The tractor as claimed in claim 5, wherein each of said
inclined guide surfaces is discontinuous and includes first
portions in the region of one end of the tractor as viewed in
the paper conveying direction and second portions in the
region of the other end of the tractor, said second portions
being spaced farther from each other than said first portions
are spaced from each other.
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i ith a wall defining_an
This Sheet Has Been Repl aced 22 pull ey being fornmed wit sai d coupl i ng
|

| . ds
: through through whic : of —sai LVe pulley
anepgaguirﬁc]t Bgirﬁg a hgl d portion formed on said wall ﬂ rﬂzgfss\ed grooves

i ' i to each of sai :
]glg];i g:oggaf?ggaﬂosrégﬁl ?28 g;iojdegH \r/ng gﬂa?t and .dI’I vel*ﬂlllﬂ'!”””””’! ,Iiill on

of said drive '

defining a space between them tapered in the paper convey-
ing direction to limjt inclination of the pin belt,
9. The tractor ag claimed in claim 8§, wherein each of said

areé spaced from each other,

10. The tractor as claimed in claim 1 for mounting on at
least a drive shaft, saiq means for permitting said pin belt to
incline including means for coupling said drive pulley to
said drive shaft so that said pin belt is advanced by said drive
shaft and drive pulley, said coupling means further permit-
ting said tractor to Pivot relative to said drive shaft so as to
permit said pin bejt to incline relative to said paper convey-

. ing direction, -

I1. A tractor for mounting on a drive shaf extending
laterally of a Paper conveying direction for feeding continu-
Ous paper with holes in the sides thereof in the paper
conveying direction, comprising: '

at least one frame;

- adrive pulley Totatably mounted on sajd frame;

means for coupling said drive pulley to said drive shaft for
rotation of said drive pulley by said drive shaft to drive
said pin belt and for permitting the pivoting of said
drive pulley and frame relative to said drive shaft so
that said pin belt can incline in the latera] direction of
said paper for the purpose of compensating for taper in
said paper due to climate variation, _

12. The tractor as claimed in claim 11, wherein said pin

This is the replacement sheat

pate: 02 FEB 1998



pul | ey, each of said hold portions being forned to engage the bottom
surface of the associated groove and to permit pivoting.of the tractor at
t he point of contact between the hold portion and the bottom surface of the

groove. 11. The tractor as clained in claiml10, mﬁ’ﬂﬂ’ﬂ'lkﬂﬂ”’ﬂ’g’ﬂor;l on
endi ng

i ncludes a radially extending connecting portion and® "
pressure portion coupled to the outer end of the connectirfg Bortion for

engagenent in the associated groove. 12. The tractor as clainmed in claim
10 or 11, wherein the surface of the pr‘é§3ur e portion engaging the bottom
surface of the groove is arcuate. 13. The tractor as clained in claim 12,
wherein said tractor bﬂﬁ(ﬂ_ﬂ&@esomimmisl papér delivery surface supporung a

plurality of pins and said tractor includes a cover plate

hawfmg an opening formed to face said continuous paper

d;hvery surface so that said plurality of pins formed on said

pin belt can extend therethrough.

13. .The tractor as claimed in claim 11, wherein said drive
shaft is formed with at least one longitudinally extending
regessed groove having a bottom surface, said drive pulley
being formed with a wall defining an aperture therethrough
!:hroug}x which said drive shaft extends, said coupling means
including a pold portion formed on said wall of said drive
pulley defining said aperture and projecting onto each of
said recesse.:d grooves for operationally coupling said drive
shaft.and drive pulley for rotation of said drive pulley, each
of said hold portions being formed to engage the bottom
surface of the associated groove and to permit pivoting of
the tractor at the point of contact between the hold portion
and the bottom surface of the groove.

1‘.1. Tf:e tractor as claimed in claim 13, wherein the hold
portion includes a radially extending connecting portion and
a laterally extending pressure portion coupled to the outer
epd of the connecting portion for engagement in the asso-
ciated groove.

15. The tractor as claimed in claim 14, wherein the surface
of the pressure portion engaging the bottom surface of the
groove is arcuate.

16. '.I'he tractor as claimed in claim 15, wherein said
tractor includes a resilient annular member intermediate said
f::sure porr.i(t)_n a!x:d said wall of the drive pulley defining

aperture for biasing said pre i
id Gt sar g pressure portion apart from

17. The tractor as claimed in claim 13 for being addition-
ally supported by a guide shaft, said frame including an
elongated slot 'through which said guide shaft extends.

18.. A continuous paper feed mechanism for feeding
continuous sheets of paper with holes in the sides thereof in
a paper conveying direction, comprising:

a drive shaft and a guide shaft, sach extending laterally of

tti:;z:ug:ape:r conveying direction in parallel spaced rela-
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annul ar - menber

I nternmedi ate said pressure portion and said wall

of the

drive pulley defining said aperture for biasing said pressure portion apart

fromsaid drive shaft. 14.
additionally supported by a guide shaft,

el ongated sl ot through which said guide shaft exte
paper feed nmechanismfor feeding continuous sheet sr H’ u
in a paper conveying direction, c !

t he sides thereof

The tractor as clainmed in claim10 for being

sai d franme neans +neluding_an

A conti nuous
les in
Wive shaf t

(16) and a guide shaft (17), each extendigyg laterally of t he paper

conveying direction in parallel

a first tractor and a second

spaced rel ation;

characteri sed by

tractor each including a pin

belt, at least one of said first and second tractors

inch{ding means for supp
relat.xve to the drive shaft
can incline in the lateral

orting the associated pin belt
so that said associated pin belt
direction of said paper for the

purpose of compensating for taper in said paper due to

climate variation.

o 19. The continuous paper feed mechanism as claimed in
alm 18, wherein the other of said first and second tractors

includes means for supporti

drive shaft so that the pin

displaceable in the longitudin.

ng its pin belt relative to the
belt of said other tractor is
al direction of the drive shaft.
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a first'tractor (10) and a second tractor each including a pin belt (1 1),
at |l east one of said first and second tractors including neans (13g, 14g;
13h, 14h) for supporting the associated pin belt relative to the drive
shaft so that said associated pin belt can incline with respect to the

paper conveying direction. - 23 - 16. The conti nuous paper feed
mechani smas clained in claim15, wherein the other
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of said first and second tractors includes nmeans for supporting its pin
belt relative to the drive shaft so that the pin belt of said other tractor
i's displaceable in the longitudinal direction of the drive shaft.

i TH;S S N\
Sheet Has Been Replaced ' H EFT e
||I||I|HIIII||I|I|I| | Feiagey

-2-

FIG. 2(a) FIG. 2(b)

15d

e A 11 131
15a 144 P 13¢ 16
15¢
I % 11‘;: 16a
s E >\12 13d
:' ; -11a ﬁ
¥ r ct
B I
i al > 13e \]18
‘a2 14e
H
i []
2
18a
12 17
/ 13g
19 i o tg—1 | N~
2b v T2

This is the replacemen shoet

Date: 02 FEB \998



N
9]

- gen wmm Ay -

r
f

<

“vis is the replacement sheet .

Date: 0 2 FEB 1938



FG 5 % z

12

13g

FlG. 6

2 Z
16 2% % Y123

18

g 4| 1
70 R4

~————1-19a

18a

Date: {2 FtB w38

-—Lq This is the replacement sheet -



Th

B

19°

i

el

e

THIS SHEET HAS BEEN
REPLACED

FIG. 7(b)

- This is the replacement sheet

Date: \o'ZFEBIQQ |



L

s

16

17

FIG. 9 PRIOR ART

53~?— TN

p

L
4h
—5

2

Date:

" W .:./6
__-6b

This is the replacement sheet

02 Fep 1998



| G 10(a)
PRIOR ART

6d L9

Y

FIG. 10(b)
PRIOR ART

9—

A,

This is the replacement sheei

Date: 02 Frp 1995



FIG. 11
PRIOR ART

-
O i 0
0 i |
P — h I
L1 I le
orodl |
(g
ll li [
i !
L.--—'L-r—l' -l
o
/6b
This is the replapement. shest
Date:

92 rep 1gp



10351542
008

- 20 -
ABSTRACT

TRACTOR MECHANISM COMPENSATING FOR PAPER TAPER

A tractor and a continuous paper feed mechanism using the
same which can more accurately convey continuous paperin
a forward or reverse paper conveying direction by compen-
sating for an increase or decrease in the width (taper) of the
continuous paper due to a change in temperature or humid-
ity. The change in paper width is compensated for by either

- employing a tractor having a pin belt that can incline relative
to the paper conveying direction or by employing a tractor
that pivots in accordance with the change in paper width to
incline the pin belt.
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