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PAPER SKEW REMOVAL APPARATUS AND A PRINTER
USING THE SAME

The present invention relates generally to a paper skew
removal apparatus for use in a paper'feeder, and, in particular,
toja paper skew remcval apparatus for use in a printer that will
reduce the printer size and speed up print time, arnd a tachnique
for removing the skew of paper in a paper feeder. '

Generally, wvaricus ¢ypss of paper skev remcval
épparatuses have basn vropesad. FIGS. 20(a)-29(c) illustrate a
paper skew removal =azzaratus deaczibed In Unexanined Japanese
Patent Appiication Ns. Hei. 1-141070. The paper skew removal
apparatus includes a claten 2 sositicned orthogonal te an advancing
dirscticn A of a papar P fed by paired paper feed rollers 1, 1.
The axis of claten 2 1s garzllal to the axis of each of the paired
paper feed rollers 1, .. Wasn laading edga Pa of paper P advances
and contacts platan Z, a slack loop Ph forms in paper P as shown
in FIG., 20(b). The slack locp Pb absorks a skew of the paper.
ThereaZter, platen 2 r2tates in a clsckwise direction so as to feed
paper P as shown irn FIG. 23(¢). With platan 2 rotating in the
clockwise directiosn, 2and vaper ? =zoving in <the direction as
irdicated by arrow A, saired paper feed rollers 1, 1 rotate in the
clockwise direction and a slackensd gart Pb', having absorzed the
skew, gradually disappears.

Another parcar skew removal apparatus, shewn in TIGS.
21(a)-21(c), is descrized ir Unexamined Japanese Patant Publication
Na. ¥ei. 2-62348. FIG. 41(a) shows a single long paper feed roller
3 and a dxsc“-rqe fil: 4 Wwhi ch interact with each other to feed
paper P while pressing the pauer over its rfull widath. A pair of
rollers S5, 6, positicned dewnstream of the combinaticn of paper
f2ed roller 3 and dischargs film 4, are arrayed orthcgonal to the

~advancing direction A of paper P. A leading edga Pa of paper P
moves in the direction as incicated by arrow A and contacts a nip
T betwaen s:taticnary paired rollars 5, 6. Than, as shown in FIGS.
_—
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21(b), paper P 1ls turned in the direction of an arrow B. As a

result, “he paper skew is removed and the paper is orientated as

shown in FIG. 21(c).
The conventional paper skew removal gpparatuses emplaying
the structures descrited abaove have the following proklems.

Tn the paper skew »emoval apparatus of FIG. 20, a slack
loo: Ph of paper P must be Zormed between paired paper feed roller
i, 1 and platen 2. Accordingly, a large space must bz provided

between paired paper feed roller 1, . and platen. 2, and there is

4 v

a icng delay before parer P raaches platan 2. Formatisn of slack
locp Pb afiar the rapar reachas platsn 2 also delays printing.

Thus, the waper skaw ramoval apparatus of FIG. 20 has too
long a paper feed ciza. TFurther, %the size of the paper skew
remeoval apparatus is large since pairac paper feed roller 1, 1 and
vlaten 2 must ke positisned sufficiently away from each other in
order tc ferm the sliack lcop.

Turthermors, ths paper s
in FIG. 21 is corstructed and arranzed so tbat discharge film 4
cooperatas with single long caper fzed reller 3 to press the paper
over its full width. Therefors, the paper skew removal apparatus
has difficulty rotating paper P ta remove the skew because cf the
pressure upsn paper ? cver iz=s Zull width,

Accordingly, it is desired to provide an irxr soved paper
skew removal apparatis which has a reducad paper Zeed time, a
raduced siza, and is capable of reliakly removing a skew frem the

skewed paper

_ Generallf spaaking, in accorzance with the invention, a
paper sXew removal apsaratus fncludes a single paper feed rellerx
for feeding a sheet o paper, the parer feed roller having a width
less than the width ¢f the paper, and the paper feed roller being
in contact with the central part of the paper as viawed in the
paper width directicon. The apparatus also includes contact means
for contacting a leading edce of the paper, the contact means
disposed in a directisn orthegonal te the advancing direction of
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the paper fed by said paper feed roller. Furthermore, in the paper

skew removal apparatus, a paper guide for forcing the paper into’
a curved shape, guiding the paper to the contact means and for
supporting the convex side of the paper, is preferably located
between the paper feed recller and the contact means. '

*n accordance with another aspect of the present
invention, there is provided a printer including a single paper
feed roller for feeding a sheet of paper, the paper feed roller
having a width less than the width of the paper, and the paper feed
rollar baeing in contact with the central part of the paper as
viewed in the varer width direction. Furthermore, the printer
includes contact zeans for contacting a leading edge oI the paper,
the contact nsans keing dispcsed in a direction orthogonal to the
advancing directicr of the vaper Zed by the paper Iaed roller. The
contact means also Includes a centact portiosn located between a
seccnd vaper feeé rcller ané & gats raller, The gate roller is
engageable with the seccnd paper feed roller. In the printer, the
seccnd paper feed roller may be a paper feed roller of an automatic
paper faeder assenbled into the printer. When the single paper
feed rcllsr rotates, the second paper feed rcller and the gate
roller meay rotate in tha oppcsite direction to the rotation

iveczion of the rpaper fsed roller sa that paper cannct be fed
between said seccnd cpapar feed roller and said guicde rsllar, or the
seccné paper f£ead rollex and the gata roller may ke &ssentially
motionless. '

Accordingly, an cbiect of the pressnt invention is to
previda an Improved paper skew removal apparatus.

Another cbject of the prasent invention is to provide an
improved paper skew rencval apparatus that will not damage the
paper -Wwhen any skew is ranoved.

Stil) another object of the present inventlon is to
provide a printer having a reduction in paper feeq tlme.

A still further object of the present invention is to
provide a printer incorporating the improved paper skew remaval
apparatué.

A further c@ject of the present invention is to provide

a printer that is reduced in overall size.
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An ade:izlonal object of the present invention is to

-

previde an improved paper guide Zc help ensure a smooth reliable

paper rotation and skewv removal.

Still another object of the present inventicn is to
provide a printer having a paper skew removal apparatus in which
the paper is transpocted immediately to the printhead after the
skew of the paper is removed.

S:till other objects and advantages of the invention will

be apparent from the specification.

The invontion acoordingly comprices tha faaturas of
construvc=ion, ccmbination of elements and arrangement of fparts
which will be exempliZied in the ccnstructicns hereirafter set
forth, ané the scope of =ha inventicn will be indicated in the

clains.

Tor a fuller understanding of the invention, reference
is had %o the following description, taken in connection with the
acconmpanying drawings, in which:

TIGS. 1(a) ané 1(b) are diagrammatic views showing the
construc=ion and =he operation of a paper skew removal apparatus
in accerdance with the presant invanticn;

PIS. 2(a) is a crcss-secticnal view showing a printex
incorporating a paper skew removal apparatus in accorzance with a
first embsodiment of the present invention;

FIG. 2(b}) is a rear view of the printer of FIG. 2(a);7

P=G. 3 is a front elavational view of a first embodiment
of a2 printer in accordance with the present invention:

FIG, ¢ is a develo;ed plan view showing a drive mechanism
of the printer of FIS. 2:

FIG. 5 is an enlarded fragmentary creoss~sectional view
of the left side o the printer of FIG. 2;

FIG. 5 is an enlarged side elevational view of a left
~side frame porticn ol the printer of FIG. 2 and certain components

mountaed thereon:
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rrs. 7 1s a detalled sicde elevational view orf the lert

side frame porticn of FIG. 6:

FIG. 8 is a crose-secticnal view taken along lines 8 -
8 of FIG. 7:

FIG. 9a is a left side viaw of an arm used in the printer
in accordance with the invention;

FIG. Sb is a right side elevational view of the arm
illustrated in FIG. 2%a; -
' FIZG. 9c is a top plan view of the arm illustrated in FIG.

sc;

FIG. 94 is a cross-sectional view taken along lines 94 -
9@ of FIG. %a;

FIG. %92 is a cross-sectional view taken along lines 9e -
$e of FIG. 937

PIG. 2f is a cross-ssctional view taken along lines 9 -

FIG. 99 s a crioss-sectional view taken along line 8qg -
. 10z is a top plan view of & spring wmember used in

FIG. 105 is 2 side view, parcly in cross-section, of the
spring memker of FIG. 10a;

a carriage used in the

FIG. 11 i= a tecp plan view of
printer in accexdanca with the invention:

FIG. 12 is an anlargad side slavaticnal view of a portion
£ the grinter in accirdance with the first embcdiment of the
present invention; _

FIG. 13 is a bleck diagram explaining the operation of

the carriage; ' ,

_ FIG. 14 is a partially enlarged cross—-sectional viaw of
the transpoft section of the printer in which the paper feed

rollers rotate in the paper feed direction:;

FIG. 15 1is a'part;ally enlarged crcss-—sectional view of
the transport section of the printer in which the paper feed
roellers rotate in a direction opposites to the paper feed direction;

FIG. 156 is a develcped plan view of a portion of the
printer in accordance with a secend embedimeant of the present

inveantiaon: ' -
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FIG. 17 is an enlarged sice elevational view, partly cut

G

away, of the printer of FIG. 15;

FIGS. 18a and 1l&b are plan views of a rotation
transmission mechanisa provided in a paper supply unit of the
printer of FIG. 16; _ '

F-GS. 19%a and 1%b are side elevational views, partly in
crcss-section, of a rotation transmission switch unit used in the
printer of FIG. 16:

FIGS. 202-20c are diagrammatic views showing the skew

removal operation c a first conventional paper skew removal

appcratn-° anc
TT4S.  212-21c are dizgrammatic views showing the
construczion and the sksw removal operartion of another conventional

parer skew ramoval zarparatTus.

Refersnce is first made to FIG. 1(a) of the drawings
which depicts a parer feed reller 7 formed of a single short

2xr 7 pre=ases upon only a central portion Pc of

1+

roller. Feed =cl
a paper ? as viewed in the paper width direction and rctatas in the
directison of an arrsy a to feed paper D,

In this Z£irst enmkcdiment a contact portion 8 is in the
form of a rollex. Ccntact porzion 8 is positicned to receive the
laading sdge Pa of <he paper P, Whaen the leading edge Pa of the
advancing paper F ccatacts contact portion 8, leading edge *a may
not be orthogenal +to tha axis of contact porticn 8. Therefore, a
realignnent operatizn nust occur in order to place leading edce P2
and, therefcre, paper P orthogonal to the axis of contact portion
8. This reorientatisn is performed by further advancing paper P
until leading-edge Pa contacts contact portion 8. Essentially
simultanecusly, paper P will rotate in the direction of an arrow
X of FIG. L(b). Wizh the orientation of contact portion 8
.perpendicular te the axis of contact pofticn 8, any paper skew is
removed and paper P can advance correctly.

The resultant skew remcval operation is reliable and
operates well because feed roller 7 is a single short roller and
presses only upon central part Pe of the paper as viewad in the



7

width direction. Therafore, the paper will rotate easier about
central part Pe by the oparation of fead roller 7 than it would
rotate in conventional skew removal apparatuses.

Experimentation has found that Zfor best results, the
width of the feed roiler should be essentially equal to or less
than one-third (1/2) the width of the paper beirng fed through tha
printer. In a preferred embodiment, the width of feed roller 7 is
about 17 to 20 mm. The width of the preferred embodiment of feed
roller 7 is about 19% of the width of a sheet of A4 paper, which
is approximately 210 mm. wide.

The paper skew removal agpparatus constructed and arranged
in accordarce with the first embodinent c¢f the invention has the
following advantages. _

First, there is no neecd to focrm a slack loop ketween feed
roller 7 and contact portion 8. Accsrdingly, a distance L (FIG.
1(a)) between feed rcller 7 and contzct portion 8 rmay ke reduced,
and no sraca to acccunt for slack loon Pb cf the paper is required.

Second, Ltecause of the close positions between feed
roller 7 apd contact portion 8, the reed time is reduced.

Lastly, =he close proximity between f£eed roller 7 and
contact portion 8 will
skew remcval apparazus.

It is also to ze understoad that contact portion 8 need
not be a rolier as depicted in FIGS. 1l(a) and 1(b), bttt may be
forred of a plate-like nambar. Moraover, it is possible that any
other type of contact porticn may bs utilized if it is orientated
at a r;g“- angle te the advancing cdirecticn of the paper fed by the
feed roller ard is capable of contacting the leading edge of the
advancing paper in order =o help »otate paper P for prcoper feeding

1 realize an overall reduction of the paper

into the print area.

A printer incorporating the raper skew removal apparatus
constructad and arranged in accordance with the first emkodiment
will now ba describea. )

FIGS. 2(a) and 2{b) illustrate an automatic feed device
generally indicated at 10. In automatic f=ed device 10, there is
. a sStacker section with the bottom of the stacker section being
formed of a bottom lla of a lower case 11 of the printer.

_—
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Sheets of paper P are fed individually by a paper reed
roller 12 into an automatic paper foed path 20, Automatic faad
device 10 includes a f£irst lever 21 for detecting when a sheet of
paper is fed <o automatic paper feed path 20.

As viewed in FIGS. 2(a) and 2(b), when paper P is fed
into automat ic paper reed patn 20, tirst lever 21 rotates in a
cnunterclo_kwlse direction about pin 2la. Upon the rotation of
first lever 21, a seccnd lever 22 will alsc rotate in a
counterclockwise direction. Further, a third lever 22(b) will also
rotate in a counterclockwise direction. After the rotation of
theae three levers, =z paper dstect switch 23 detects the paper that
has beer. fed into autcnatic feed path 20.

Once the paper is dstected y paper deuect swit=h 22, any
paper skew existing in paper P is renoved by a skew remcval process
which will be descrited below. Thereafter, paper P is wound arsund
paper feed rollers 30 and moves aicng automatic paper feed path 22
to reach a print section 60. Pricr to resaching print section 60,
paper P advances by way of.pinch rellars 50, which are similar in
operation to paper fzed rcllers 30 and remain in contact therxewith.

Pinch scllers 50 are mctatably attached to a distal end
of a paper guide 33 suspended from a left side frame 130 by means
of a2 spring 52 so that paper guids 33 rotates about a Sulcrum Sl.

Print section 60 is located between the upper surface of
an Iintermediate fraze :10 and an ink jer head 62 nmounted on a
carriage 61, Carxiage 61 is coordinately displaceable in a
direction normal =z the plane of FIG. 2. Carriaga 61 is guided at
one end thereof by a guide shaft 62 and at the other end thereof
by an upper Zrame 120. '

After the paper has passed through print section 60 and
has had ink dispased thereon, the paper enters a paper exit path
70. Paper exi path 70 includes a transport section, generally
indicated at-80, lccated in paper exit path 70. While paper P
passes through transport section 80, paper P passes over transport
rollers 81 (FIG. 3) and notched transport rollers 82 (FIG. 3).
Paper P then enters an exit section, generally indicatad at 90, for
discharging the paper while holding the paper in a concaved state
as seen in the paper discharging direction. Exit section %0
includes 2 push-up postion 91 located cnh both sides of exit portion
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90. ©Push up porticn 91 pushes up the paper at both sides thereol

while a notched rollexr %2 pushés down tha cantral poft:ion af the

paper. The paper is thereafter discharged onto a discharged paper
tray 100 while in the concaved state.

A detailed description will now be given to a paper skew
removal apparatus constructed and arranged in accordance with a
first embodiment of the present inventicn.

As illustrated in FIGS. 4 and 5, a paper skew removal
apparatus includes paper feed rcller 12, a contact portion 41
located between paper feed rollers 30 and gate rollers 40 and a
paper guicde 42. Paper guide 42 cguides paper P (indicated by a
phantom line in FIG. 5) which has been fed by paper feed roller 12
to contact portion 4%, located between paper feed rollers 30 and
gate recllers 40. Here, paper P is fcrced into 2 curved shape and
paper qulie 42 ‘suppcrte the convex side ¢f The curved portion of

the parer.

FIG. 4 is a developed plan view illustrating a drive
mechanism including z=any of the rollers depicted in the printer of
FIG. 2. Positional relationships of the rollers and the like do
not necessarily coincige with those respective components in otherx
drawings. )

Paper feed rcller 12 is rotatably driven by 2 paper feed
motor M. Similar to feed roller 7 depicted in FIGS. 1(a) and 1(b).
feed x»oller 12 is akzcut 17 to 20 nn. wide. The width of feed
roller 12, lika &that of <£aad roller 7, has been found by
experirentaticn to operate baest when it is essentially equal to or
less than one-third (1/3) the wicdth cf the paper fed in the printer
and typically about 10% the width of the width of A4 paper. Motor
M drives a gear G which, in turn, drives a gear 32 fastened TO one
end of a fead roller shaft 31, t the other end cf feed roller
sharft 31 is a gear'ss. Gear 23 engages sun gaear 13 which, in turn,
engages planetary cear 14. -Planetary gear 14 engages with and
disengages from Zeed gear 15. - Planetary gear 14 engages feed gear
15 only when the carr age reaches a paper feed position. Feed gear
15 is secured to one end of feed roller shaft 16. Accordingly,
because paper feed roller 12 is secured to feed rollex shalt 1ls,
the rotation of feed motor ¥ causes the rotation o¢f paper faed
roller 12. Further, vhen paper feed roller 12 rotatas in the paper
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reed dlrectlion as indicated b§ arrow a, paper feed rollers 30 will
rotata in the opposite directien as that of papar fead rollar 12

i.e., in a direction opposite to that of the paper feed
direction).

Furthermore, nounted on and affixed to feed roller shaft
31 are three paper feed rollers 30. Peed roller shaft 31 directly
drives paper feed rollers 30. Gate rcllers 40 are forced against
and contact paper fsed rollers 30 by means of an urging member (not
shown) and any rotaticn of paper feed rollers 30 is directly
transmittad to gate rollexs 40.

FIC. & is an snlaxged side view dapicting a left side
frame portion, generally indicared at 130, of the printer case.
Left side frame 130 supports the left end portions of feed roller
shaft 31 and feed roller shaft 15. An arm 140, located outside sun
. gear 13, i= roctatably sucported by shaft 133,

FIGS. 7 and 8 further illustrate that feed roller shaft
31 is suprorted by a hole 131 in left side frame pcrtion 130 and
feed roller shaft 16 is supported in a hole 132 in left side frame
portion 230. Shaft 133 rotatably suppcrts sun gear 13 and arm 140
mouritad thaerson. :

FIGS. 9a-9¢ further illustrate the construction and
arrangement of arm 140.

Arm 140 includes a hole 141 for rotatably receiving shaft
133, and a2 shaft 132 for rotatably Feceiving planezary gear 14
(FIG. 8). Shaft 133 rctatadly receives sun gear 13. A support
menbexr 1i3 engages one end of a spring member 150 (see FIG. 6).
Suppoxt merber 143 may take the form of a pin having a slit 143a.

FIG. 10 necre clearly illustrates spring nember 150.
Spring member 150 is similar to a bar-like coiled spring. A lower
end portion 151 of spring member 150 is couplaed to support nember
143 of arm 140 as-shown in FIG. 6. An upper end portion 152 of
spring member 150 is arranged so that it may contact a resisting
portion 135 formed in a depressed portion 134 or lert side frame
132. An internediate portion 153 of spring member 150 is supported
by two held pieces 136, 136 of left side frame 130. In the normal
- position cf spring 150, arm 140 is held in a position such that
planetary gear 14 does not angage feed-in gear 15.

—_—
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Further, FIGS. %a-9g illustrate a stopper 144 tormed
integrally withk arm 140, Stcpner 144 is inserted intc an arcunate
hole 137 (FIG. 7) formed in left side frame 130. Tn this
arrangement, arm 140 can rotate within the range of arcuate hole
137. FEKowever, arm 140 is usually forced into the position shown
in FIG. 6 by the force of spring member 150.

FTG. 11 is a plan view of carriage 61. An. operating
member 84 is located on the left side wall of carriage 61 as
depicted in FIG. 11. A distal end of operating member 64 is
tapered to form a taper iace 65. When carriage 61 is in a peper
feed position adjacent left side f£xama 130, operating member 64
passes “hrough arcuate hole 137' and a space 133 between hold
pieces 136 and 136 (See FIGS. 6-8, 12), and contacts and displaces
intermediate portion 153 of spring member 150 to the right as
viewed in FIG. 12. This results in arm 13d rotating clockwise so

that planetary gear 14 engages feed gear 13.

rTG, 12 illustrates the resulting operation when
operating nember &4 pushes agains: spring mermber 150 causing
planetary gear 14 =0 encage fzed gear 15. Because spring member
150 is a bar-like cciled spring, the contact between taper face 65
oZ the éistal end of cperative member §4 and intermediate portion
153 is smocth. Space 138 between and behind hold pieces 136, 136
pernizts incermediate corzion 153 of spring member 150 to deform in
space 138 =o the leit as viewed in FIG. 12. Spring member 150 is
rastricted in the direction normal tec left sida frama 130 as viawad
in FIG. 12 by hold pieces 136, 136. _

In other worcs, the res;l ent force of spring member 150
is utilized Zor engaging planetary gear 14 with feed gear 15.
Therefore, a smooth meshing operaticn is ensured. Since sun gear
13 retates in the direction to engage planstary gear 14 with feed
gear 15, the meshing state of these gears is maintained unless the
‘force applied-by operating member 64 upon intermediate portion 153
or spring member 150 is removed.

The operation cf carriage 61 will now be described with
reference to the klock diagram of FIG. 13.

fWhen a paper feed s;qnal is inputted from a cocmputer (for
example) tc the printer, carriage 61 is moved to the paper feed
position as indicated in step ST1. When carriage 61 xeachaes tha
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paper feed position, operati;g member 64 engages and diasplaces
intarmadiate portion 153 of spring nember 150. Arm 140 then
rotates clockwise as shown in fIG. 12 to cause the engagement of
planetary gear 14 with feed gear 15.

In step ST2, a paper feed counter N (counting the number

of steps defining the rotary displacement of pazpar fead motor M)

is reset by setting counter N to zero.

In a step ST3, paper feed motor M is rotated in the
reverse direction, and in a step ST4, paper feed counter N
increases in increments of 1L (N = N + 1).

when papér feed.motor'M,era:es in the reverse direction,
paper feed rollers 20 and gear 33 rotate in a counterclockwise
directicn. This counterclockwise rotation, as shown in FIG., 12,
is transmitted to feed gear 15 through sun gear 13 and planetary
gear L4. Paper feed roller 12, thersfore, rotates in a clockwise
direction tc feed paper P into the feed path, as further indicated
by arrow 2 in FIG. 5. Paper P, in a curved state, is guided by
" paper guide 42 to tTurn first lever 21 for detecting the paper to
activate papér detect switch 23 (see FIG. 2).

In step STS, a cantrol system (net shown) detarmines
whether or not the paper has actually been fed using the signal
detected from paper detect switch 23.

Tn this cdecision step, if it is datermined that paper ?
has been fed, ths control system rctates paper feed motor M in a
reverse éirection =y a predeterminad amount of yrotaticn (120 steps
in this example), step ST6. 3y reversing nanef feed motor M, paper
P is further moved in tha forward conveying direction by the
forward, cleckwise rctation of paper Zzed roller 12, Leadznq edge
Pa of paper P contacts contact portion 41 (FIG. 5) betwaeen gate
rollers 40 and naner feed rollers 30 vhich are rotating in the
directicn cppcs;: <5 paper feed direction. In this way, when a
corner of paper P contacts pager feed rollers 30 and gate xollers
40, paper P cannot ke fed in the forward direction since rollers
30 and 40 are rotating in the reverse direction. Therefore, paper
P, being fed by paper Z2eed recllar 12, will continue to swing about
cantxal part Pc until the entire laading adge Pa is flush against
_paper feea xollers 30 and gate rollers 40.

\
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Furthermore, because paper reed rollers 30 and gate
rollers 40 are rotating in the oppesite direction tc the paper feed
direction, leading edge Pa of paper P will never enter the nip
between paper feed rollers 30 and gate rollers 40. This will
ensure a smooth rotation of the paper and, therefore, a smooth
Qesxewlnoc operation. .

When leading edge Pa of the paper does contact contact
portion 41, the paper ® has begun curving and follows the shape of
a paper guide 42, as shown in FIG. 5. The force generated when
paper P contacts contact portion 41 acts on paper P tTo causa tThe
paper's rotation (in the direction of arrew X in FIG. 4) abous
central part Pc of saper fesd roller 12. Thus, a sure paper turn,
Ccr a sure skew removal, is securad.

In ster ST7, carriage 61 is positioned to the print
stand-by position (where operating menbsr 64 is disengzged from
spring member 150). |

This rovement ¢f the carrizge causes operating member 64
to disengage frox spring member 150. Spring member 130 is restored
to its original shape as viewed in FIG. &. Arn 14J rotates
counterclockwise tc its original position {(FIG. 6), and planetary
gear >4 disengages frznm feed gear 13.

In step ST, paper feed motor M is then rctated in the
forward direction by z prederernmined nunker of turns (610 staps,
by way cf exampla).

By rotating papar faad norver M forward, paper feed
rollers 30 also rotata in the paper conveying direction as viewed

n PIG. 15. The paper is pulled into the nip of paper feed rollers
30 and pinch rollers 50, and advances past pinch rollers 50.
Leading edge Pa of the paper reaches nr'nt secticn 60, and the
print-ready state is achieved. '

In step 'ST3, the carriage is oriented for printing. A
print signal is received and a carriage motor, not showr, is driven
by the print signal. Carriage 61 reciprocates. During the
reciprocative motion of the carriage, ink jet head 62 emits "dots®
of ink, thereby perforzing the printing operation. The paper on
. which ink is printed is discharged through transport section 80,
which includes transpsrt rollers .81 and notched transport rollers
82. The paper then travels through exit section 90, which includes

-
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push—up means 91, which pushes the paper up along both sides
thereof, and notched rcller 92 which pushas the central part of the
paper down. Thereafter, paper P is discharged onto discharged
paper tray 100 (see generally FIG. 2).

However, if the control system determines that no paper
has been fed (decision brxanch of S8T5), the control sysatem, by
monitoring counter ¥, determines whether or not the number of steps
of paper feed motor M, when it has been rotating in the reverse
direction (the nurber of steps N counted in step ST4), has reached
1000 (STi0). :

If the czuntar has reachad 1000 (ST1l), the control
systen decides that automatic feed device 10 is empty and displays
a "No paper" indication in a display window (not shown).

Y% the counter has not reacheé 1000, the contrsl system
rapesats the procedural seguence subsequent to step STI.

Ths printer constructed, arranged and cperated in
accordance with the above-described operation has the follcwing
advantages.

F
This is in par:c
roller. Also, paper fzed roller 12 presses upcn only central part
Pc of the paper as viewed in the paper width direction. Paper P -

gper P rotates easily about paper feed roller 12.

U

rst,

ao.

ua Tto paper faaed roller -2 being 2 thin, single

ﬂ:.

easily rotates abcut this press-contact part (central part Pc) in
the direction cf arrew X (TIG. 4), thereby securinc a reliable
removal of any paper skew.

Secend, it is not necassary to form a slack loop in the
paper between paper feed roller 12 and contact portion 41.
Accordingly, the distance required between paper feed roller 12 and
contact portion 41 is smaller than that in conventional printers.
In addition, no .srace is required to form the slack loop as
required in conventional apparatuses. The result is an overall
‘reduction in-paper Zeed time-and printer size.

Third, between paper feed roller 12'and_con:act portion
41, paper guide 42 is'provided to guide the paper to contact
portion 41 in a curved state and will support the outside of the
curved portion of the paper. The action of the paper to curve

towara the outside cf the curved poxtion is limited by paper guide
42. Tha forca ganeratad whan papar P contacts contact portion 41
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assists in causing the paper P to rotate about central part Pc of
paper feed roller 12. This secures a smooth and reliable paper
rotation anc ensures a reliable, smooth skew removal.

Fourth, when paper feed roller 12 is rotating in the
paper feed direction, paper feed rollers 30 and gate rollers 40
rotate in a direction oppcsite To the paper rfeed direction. This
way leading adga Pa of the paper will not enter the nip between
paper feed rollers 30 and gate rollers 40, ensuring a smooth

rotation of the paper.

i Fifth, since any skew is removed by »bringing the paper
in=c contact with ccatact porzion 41 between paper feed rollers 30
and gate rollers 40, the paper can be transported immediataly after
‘the skew of the paper is remcved.

Lastly, the construction of the automatic paper feeder
allcws for the distance between paper reed roller 12 and contact
porzion 41 to be shorter than that required when a separate
autcmatic paper feeder is cou nled with the printer.

The drive nechanism for transport section 80 will now be
described with reference to FIGS. 4, 14 and 15. Transport section
80 includes six transport rollers 81 which are respectively zligned
with six notched transport rollers 82. )

Three transport rollers of the six transport rollers 81
are secured %to a rotation shaft 83, and the remaining . three
transpor: rollers £ are secured to another rotaticn shaft 84.
Shafts 83 and 84 ars supported by intarmediate frame 110. Of the
three paper seed rcllers 30, the rziiers on both sides are coupled
through transmission gaars, generally indicated at 85, and rotate
gears 83a and 84a, which are secured %o rotaticn shafts 83 and 84,
respectively. There ars two transmission cears. =zach transmission
gear 85 rotates aach shaft 83 and 84, reepectivalf.

Each transmissicn geaxr 85 includes a gear part 85a, which
engages gear.saa cr S4a, resﬁéctively, and is secured to rotation
shaft 83 or 34, respectively. Each transmission gear alsoc includes
a commen shaft 85¢c and a roller part 85b which engage feed roller
30. Both ends of the common shaft 85¢ are movably supported in a
rectangular hole 111 formed in intermediate frame 110 (FIG. 14).

Wish such a cénstruction and arrangement, transmission
gear 85 functions as a cone-way clutch. As illustrated in PIG. 14,

_
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when paper feed rollers 30 rotate in the paper feed direction,
transmission gears 85 move downward.(in the engaging direction)
along rectangular hole 111, and transmit the power of paper feed
rollers 30 to transport rollers 81. However, as shown in FIG. 15,
when paper Zzed rollers 30 are rotated in the direction cpposite
ts the paper feed direction, transmission gears 85 move upward (in
the escape direction) alcng rectangular hole 111, and do not
transmit the power of paper feed rollers 30 to transport rollers
81. Thus, transport rollers 81 rotate only when paper feed rollers
30 rotate in the paper feed direction, and do not rotate when paper
faad rellars 30 are rotated in the reverse direction.

As shown in FIGS. 3 and 4, two notched transport rollers
82 are sacured to ezch end of each of the thres shaft nemkers 86.
A spring, not shown, Sorces the center of each shaft menber 86
toward cTransport rollers 81. Notched transport rollars 82 are
driven ané rotate by engagemen= with transport rollers 8i. The
diamerters or the nu=ber of teeth of paper fegd' rollers 30,
transmission cears 85, &nd transport rollers 81 are all selected
so the peripherel speed of -ransport rollers §. is about 123 faster
than tha pariphaeral spead of paper £eed rollers 30. Acecordingly,
paper P, as shown in FIG. 14, is printed upon in print secticn 60
in a state *hat it is Zloating while at least essentially
simultaneously beinc culled Ly transpsrt rollers 81 and notched
transport rcllexrs 82 thershy keeping the paper taut,

A printer using a skew removal apparatus in accorxdance
with a secend smbodiment of the present inventicn will now be
described with particular reference to FIGS. 16 and 17.

A primary difference between the printer in accordance
with a second embodizent and that of a printer in accsrdance with
a first embodiment of the present invention is that during the
paper skew removal operation in accordance with the second
embodinent, the paper supply reollers are rotating in the paper feed
direction ancd paper feed roller=s 241 and gate rollers 245 are not
rotating. ' '

The difference of those printers and others will be
described in detail in connection with FIGS. 16 and 17. '

A printer body in accocrcdance with the invention,

genarally indicated at 201 in FIG. 17, may be aligned horizontally
—_—
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or vertically. By wWay or exaﬁble, the printer illustrated in riG.
17 is set horizontally with a manual inserter port 202 facing down.
‘In this orientation, paper Zannot be manually fed through inserter
port 202. To use inserter port 202, the printer must be sat

vertically while the paper supply tray 210 is closed.
Printer body 201 includes a paper supply tray, generally

indicated at 210, a paper supply roller unit, generally indicated
at 220, a paper feed roller unit, generally indicated at 240, a
discharge roller unit, generally indicated at 250, and a drive—
force transmission switch unit 270 (FIG. 16). Paper supply tray
210 can have tharaon a stack ¢f individual papers P. Paper supply
roller unit 220 cornzacts the central part (as viewed in the paper
width direction) of thas tep sheet of paper P on the stack of paper
in paper supply tray 210, and fesds the individual sheet forwaxd,
thereby separating it from the remaining stack of paper. Paper
supply roller unit 22¢ repeats the operation of Lifting up the next
top sheet of paper and thareafter feeding it forward. Paper feed
roller uni% 240 includes a plurality of paper feed rollers 241 and
a plurality of gate rollers 245. Paper feed rollers 241 and gate
rollers 245 cease their rotztion when the sheets of paper are fed,
in order to f£irst align the crientation of fed paper P. Discharge
roller uni* 250 operates in cooperaticn with paper feed roller unit
240 (FIG. 15) to discharge paper P into a stacker 205. This paper
has passed a platen 204 having already undergone the printing
ocperation. Drive force transmission switeh unit 270, when
trigcered by a part of a carriaga 260, switches the .power
transmission route between a route Zrom a paper-feed motor 271 to
paper supply roller unit 22C and ancther route from paper-feed
motor 271 tc paper fead roller unit 240.

A description of the tray and those units will now be
given with particular reference to FIGS. .5 and 17.

In paper supply tray 210, a left edge guide 212 is
provided on the left side of a tray body 21l. A right edge guide
213, provided on the right side, can slide laterally with respect
to the paper feeding direction in accordance with the size of paper
used. Thus, paper supply tray 210 is constructed such that the
right edge guide is slidable with respect to the left edge guide.
A pad heldar 214, located on tha front side of tray body 21, is
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4 upward by means of a sp-rinq 215 and brings thae leading sdge

of the paper P into ccntact with the circumferential surface of

paper supply rcller 221.

Paper supply roller unit 220 includes a paper supply
roller 221 which contacts only cthe central part oI paper P, (as
viawad in the papar width direction) and feeds the paper forward
by a friction force ganerated between paper supply roller 221 and
paper P. Paper supply roller 220 also includes a pull-out roller
222 located upstream of the paper supply roller 221 as viewed in
the paper feed direction. These rcllers, which are arraved to have
a length several ﬁens percent of the paper width, are assemblead
intoc a roller guide helder 223, which rotates akout a paper-suppl
roller shaft 225. , | _ T'

A roller gear 230 transamits a rotation force in the paper

force

foad diracticn to both wollars 221 and 222. Roller gear 230, which
‘abuts paper supply rcller 221 within roller guide holder 223, is
directly csupled T paper=-supply roller shaft 225 through a2 torque
limiter, generally indicated at 300, which is formed of a friction
plate 228 and a spring 229 biasing the fricticn plate.

Two planetary gears 233, 233, as shown in FIG. 18, are
rotatably mountad cn a planetary lever 232 which rotates about
paper-supply reller shaft 225 (FIG. 17). The two planetary gears
233 encage a pinion 231 which is integral with roller gear 230.
Paper supply roller 221 includes a pawl 234 which stops the
rotation of planetary gears 233 when roller gear 230 rctates, and
contacts planetary lever 232 to allcw the overrunning of planetary
gears 233 when roller gear 230 stops. Paper supply roller 221
further includes a rack 235 for pushing planetary lever 232. When
paper-supply roller shaft 225 receives a rotational érive force,
as shown in FIG. 18(2), pawl 234 of rack 236 checks the rotation
of planetary gears 233, sc the rotation drive force from roller
gear 230 is transmitted to paper supply roller 222. When the
rotational drive force to paper—-supply roller shaft 225 is
interrupted, rack 236 pushes planetary lever 232, allowing
planetary gears 233 tc rotate around pinion 231. In this way,
paper supply rcller 221 is rotatable in the paper feed direction,
independently of the other rcllers. _ [
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Roller gsar 230 eng;ées with and disengages from a2 pull-
out gaar 238 through an intermediate gear 237. Intermediate gear
237 .is slidably supported in an elongated hole 224 of roller guide
holder 223. Pull-ott gear 238 is integral with pull-out roller
222. When paper-supply roller shaflt 225 recelvaes a rotation drive
force, roller gear 230 transmits a rotatlon force in the paper feed
direction and engages.intermediate gear 237. When paper-supply
roller shaft 225 stops rotating, roller gear 230 separates
intermediate gear 237 from pull-out gear 238, therebf allowing
pull-out roller 222 to rotate in the paper feed direction
indapandently.

Paper feed roller unit 240 includes paper feed rollers
241 and gate rollers 245. Paper fead rollers 241 are nounted and
affixed around paper-feed roller shaft 242. Paper—~feed roller
shaft 242 is driven by paper-Feed motor 271, through a drive-fcrce
transmissicn switch unit 272, which will bhe dascribed balow.
| Discharge rcller unit 250 is located cownstream of paper
feed roller unit 240, while platen 204 is disposed therebetween.
Discharge roller unit 250 engages paper feed rollers 241 through
pinion 244. Pinion 244 is integral with paper faed geax 243.
Therefore, dJdischarce raller unit 250 rotates with paper feed
rollers 241. FPurther, a shaft 252 has a paper discharge gear 253
integral with shaft 252 and at one end thereof. Paper discharge
gear 253 engages intermediate gear 251. shaft 252 and paper
discharge gear 2353 are nmade of a resin material. In order to
elininate buryr removal steps, each paper dischaxge xrcller 254 has
a cross-secticnal cross shape and each paper discharge roller 255

‘ has a cross—-secticnal crifurcated shape. 2ach paper discharge
roller 254 and 255 is alternately arrayed along shaft 252 (FIG.
16). Durirng operation, the ridges of rollers 254 and 255
alternately cqntaé: the surface of the sheets of papers fed in.
For the cross-sectional shapes of those rollers 254 and 255, the
mold division and mold rolease used to form the xollers are easy..
The cross-sections of those rollers may be properly shaped in other
configurations, orovided these confiqurations Lave ridges

~ alternately coming in contact with the paper surface. For example,
square or turtlebacX shapes are alloweq.

_\\
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Drive-force transmission switch unit 270 switches the

drive form transmission route between paper supply roller 221 to

paper faeed rollers 241. " Drive-force transmission switch 270 is

disposed in a '"home" positicn, the switching operation heing
carried out by carrlage 260.

A switch gear 273, engaged with pinion 272 of papar—-faad
motor 271, as shown in FIG. 1¢(a), is constantly biased tc the left
in the draﬁing by a spring 275. In this position, switch gear 273
causes a pinion 274, integral with switch gear 273, to engage a
tirst. intermediate gear 276. A pinion 277 is integral with first
intermediate gear 276. Since paper feed gaar 243 engages pinion
277, shaft 242 will rctate, thereby transmitting a rotatiosnal force
to paper feed rcllars 241. When switch gear 273 is in the position
as illustrated in FIG. 15(b! and resisting the spring.force of
spring 275, switch gear 273 engages a second intermediate geax 278
and transmits a rozatisral force to paper supgly roller 221 through
a pinion 279 that engages an internally tcothed gear 226.

A cam menber z80 functions to move switch gear 273 to the
right, resisting the spring force of spring 275. The other end 281
of can member 230 proczrudes into a space in which carriage 280
noves. When ené 281 of can member 280 contacts the part of
carriage 280 moving tcward the "home" position, it moves switch
gear 273 to the right, as seen in FIG. 19(b).

Fr3. 17 illustrates a paper sensor 206 that senses the
leading edge of a sheet of parer fed to paper supply roller 221.
A thermal reccrdéing head 261 is mounted on carriage 260. A guide
bar 262 cuides carriage 260 ir the longitudinal direction of platen
204. o |

The printer constructed and arranged in acc-rdance wich
the present invention will now be describecd.

FTG. 19(b) depicts carriage 260 in the ready-for-print
mode at the "home" pesition of printexr body 201.

In this position, z part cf carriage 260 pushes end 281
of cam member 280 in the direction crthogonal to the plane of the
paper, thereby rotating cam member 280. With the turn of the cam
member, switch gear 273 is moved to the right (FIG. 19(b)). and
engages second intermedlate gear 278. Thererore, paper-reed motor
271 is cparatively couplad to paper-supply roller shaft 225. This

\M
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results because gear 226 is rotatably mounted on shaft 225, gear

226 engages pinion 279, and pinion 279 is integral with the second

internediate gear 273. _

Therefore, if a bpaper supply cormmand signal signals
paper~feed notor 271, paper-feed wmotor 271 beglns tTo operate.
Paper supply roller 223, linked with paper—fead motor 271 by way
of intermediate gear 237 and paper supply tray 210, is rotated.
With this rovation of the ”cllnrs, the top sheet of papar in the
paper stack contained in paper supply tray 210 is fed to paper feed
roller unit 240.

When feeding the rapar, paper supply roller 22: contacts
only the centrzl portion of the paper. Accordingly, ary skew is
removed from The paper acccrding to the skew removal cperation in
acccrdance with tha zresent inventicn disclosed with seference to
FIG, 2. Torzmue lixzicter 300 is lccated between paper-—supply roller
shaft 223 and rzller guide holder 223, Ard, since, there is no
spring sinilar To spring 214 previded for pull-out roller 222, the
pressing force applied by pull-cut reller 222 upon the paper is
small erough that the rataticn 2f the paper is not hampered.

Suring tha paper feeding operation, paper sensor 206,
located just befeore the paper fead xroller unit 240 detects the
leading edge o the incening paper ? and sends a detect sicnal to
a seguence contrzller (nzct shewn) which in turn cperztes the
carriage wotor. <Carriags 260 now becins to scan fcor <the print
operaticn. _

As shown in FIG., 19(a), when carriage 260 beclns to move
to the right, as shown in the Figure, switch gear 273, which has
been moved to the right by a part of the carriage through cam
nember 280, is resturned to the left side by the spring action of
spring 275 when sﬁizch gear 273 is released from being pushed by
carriage 28C.. Switch gear 273.disencages from second intermediate
gear 278. Pinion 274, integral therewith, is made to engage with
the first internediate gear 276. Paper feed yxollers.241 ars
rotated by paper feed gear 243 which are engaged with and rotated
by pinicn 277. Acceordingly, in cooperation with gate rollers 245
also rctating, the paper with the skew removed is fed to platen
200. 000000 - '
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When the pover transmission route is switched, shaft 252

hegins Tc rotate wher intermediate gear 251 begins to rotate. The
edge portions of paper discharge recllers 254 and 255, having the

difference cross-sectional shapes, alternately contact with the
paper after it has passed the platen 204, and feed the paper towarad
the upper poxtion cf stacker 205, The papar feading operation is
now complata.

In the embodinents disclosed above, the paper skew
removal apparatus is applied to a printer. However, it 1is
understcod that it may be applied in copying machines and other
general printing machines, such as facsimiles.

Turthermore, it is understcod thaz= while the skew removal
operaticn in the embodiments is performed tSetween the paper supply
roller ané the papex Zeed rallers, it =2y be per:ormea between the
paper suppbly rcllexr z2néd the platen rollex.

It will thus be seen that the cbjescts ser Zcrth above,
among thcse made apzarent from the preceding description, are
efSiciently attained arnd, since certain changes may be made in
carrying out the abcve method and in the construction(s) set forth
without departing £xom the scope of the invention, it
is intended that all zacter contained in the above description and
shown 3in the accozpanying drawings shall ke interpreted as
illustrative and not in a liniting sense.
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CLAIMS

L. A paper skew removal apparatus comprising:

a single paper feed roller for feeding a sheet of paper, said paper feed roller
having a width less than the width of said paper, said paper feed roller being positioned
to contact a central part of the paper as viewed in the paper width direction; and

contact means for being contacted by a leading edge of said paper, said contact
means being disposed in a direction essentially orthogonal to the advancing direction of

the paper fed by said paper feed roller.

2. The paper skew removal apparatus claimed in claim 1, further including a paper
guide, for forcing the paper into a curved shape, guiding the paper to said contact means
and for supporting the convex side of said paper, said paper guide being located between

said paper feed roller and said contact means.

3. The paper skew removal apparatus claimed in claim 1 or 2, wherein the width of
said sirigle paper feed roller is selected to be essentially equal to or less than one-third of
the width of the narrowest sheet of paper with which the apparatus is designed to

operate.

4. The skew removal apparatus claimed in claim 3, wherein the width of said single
paper feed roller is selected to be essentiilly equal to or less than 10% of the width of

the narrowest sheet of paper with which the apparatus is designed to operate.
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5. A printer comprising:

a single paper feed roller for feeding a sheet of paper, said paper feed roller
having a width less than the width of said paper, and said paper feed roller being
positioned to contact a central part of the paper as viewed in the paper width direction;

contact means for being contacted by a leading edge of said paper, said contact
means being disposed in a direction essentially orthogonal to the advancing direction of
the paper fed by said paper feed roller;

a gate roller; and

a second paper feed roller, said gate foller being engageable with said second
paper feed roller, said contact means including a contact position located between said

second paper feed roller and said gate roller.

6. The printer claimed in claim 5, further including a paper guide, for forcing the
paper into a curved shape, guiding the paper to said contact means and for supporting the

convex side of paper, said paper guide being located between said paper feed roller and

said contact means.

7. The printer claimed in claim 5 or 6, further including an automatic paper feeder

that is assembled into the printer.

8. The printex: claimed in claim §, 6 or 7 wherein when said single paper feed roller
rotates in the paper feeding direction, said secohd paper feed roller and said gate roller
rotate in an opposite direction so that the paper cannot be fed between the second paper

feed roller and said gate roller.
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9. The printer claimed in claim 5, 6 or 7 wherein when said single paper feed roller

rotates, said second paper feed roller and said gate roller are essentially motionless.

10. © The printer claimed in any one of claims 5 to 9, including a feeding gear for

rotating said single paper feed roller.

11. The printer claimed in claim 10, including a movable gear supported rotatably by
a rotatable lever and capable of assuming a first position at which said movable gear
engages with said feeding gear to rotate said single paper feed gear and a second position

at which said movable gear does not engage with said feeding gear.

12. - The printer claimed in claim 11, further including a carriage including an
operating member provided on said carriage to rotate said lever toward said first position
at which said movable gear engages said feeding gear by pressing and displacing an

intermediate portion of a spring member.

13.  The printer claimed in claim 12, wherein said spring member is formed of a bar-

like coiled spring.

14.  The printer claim_ed in any one of claims 5 to 13, further including a paper supply
roller for feeding the pa;;er in a paper feedihg direction, and switching means for
switching a switch gear from a first posizion at which said switch gear transmits a
rotational force to said paper supply roller to a second position at which said paper

. supply roller is disengaged from said switch gear.
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15.  The printer as claimed in claim 5, wherein the width of said single paper feed
roller is selected to be essentially equal to or less than one-third of the width of the

narrowest sheet of paper with which the apparatus is designed to operate.

16.  The printer as claimed in claim 15, wherein the width of said single paper feed
roller is selected to be essentially equal to or less than 10% of the width of the narrowest

sheet of paper with which the apparatus is designed to operate.

17. A method of removing skew from a sheet of paper in a printer, comprising:

detecting a paper feed signal from a detecting means;

moving a carriage to a paper feed position;

displacing said carriage a sufficient distance so that an operating member engages
and displaces an intermediate portion of a spring member to cause the engagement of a
paper feed roller;

feeding said paper along a paper feed path a sufficient distance to contact a
contact means;

removing skew from the paper by rotating said paper about a single paper feed
roller having a width less than the width of said paper such that a leading edge of said
paper is essentially orthogonal to said contact means; and '

moving said camage away from smd paper feed position so as to disengage said

single paper feed roller

18. The xﬁeﬂxod claimed in claim 17, including the step of abutting the leading edge
of said paper between a second feed roller and a gate roller during which time said
second feed roller and said gate roller are rotating in a de)/_@gte’to_g_gamt_
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19.  The method claimed in claim 17, including the step of abutting the leading edge
of said paper between a second feed roller and a gate roller during which time said

second feed roller and a gate roller and said gate roller are essentially motionless.

20. A paper skew removal apparatus substantially as hereinbefore described with

reference to figure 1.

21. A printer substantially as hereinbefore described with reference to any one of

figures 1 to 19.

22. A method of removing skew substantially as hereinbefore described with

reference to figures 1 and 13.
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