
PRINTING APPARATUS AND METHOD OF 



FORWARD AND REVERSE SHEET FEEDING TO                 PREVENT SKEWING
BACKGROUND OF THE INVENTION    1. Field Of The Invention    The present
invention relates to a printing apparatus and more particularly to a paper
feeding apparatus for feeding a printing sheet separately from stacked
sheets. 



2. Related Art    In one example of a conventional sheet feeding appa- atus
for use in a printer, as disclosed in Japanese Patent Publication No. Sho.
58-6633, a printing sheet is fed with a platen rotating in the reverse
direction, and even after a front end of the printing sheet reaches a
nipping region of the platen and a driven roller to stop forward- ing
further the printing sheet is forced to be fed further 



so that the printing sheet is bent to thereby eliminate an undesirable
skew, and then the platen is controlled to rotate in the forward direction
so that the printing sheet is transported to the printing start position.
On the other hand, Japanese Patent Publication No. Sho. 62-38261 discloses
another arrangement in which a printing sheet is fed separately by a
pick-up roller rotat- ing forwardly to a pair of drive rollers rotating
for- 



wardly, a sensor detects a condition of the printing sheet that a front end
of the printing sheet passes com- pletely through the pair of rollers and
afterwards the pickup roller is stopped rotating while the drive roller is
rotated in the reverse direction until the front end of the printing sheet
is pushed out of the pair of drive rollers to thereby bend the printing
sheet and so that an undesir- able skew is eliminated. Afterwards, the pair
of drive 



rollers are again rotated in the forward direction to transport the
printing sheet to a printing position.   In the conventional printing
apparatus for feeding a printing sheet as disclosed in the Japanese Patent
Publi cation No. Sho. 58-6633 shown in FIG. 10, the front end of the
printing sheet is abutted against the driven roller 102 and the platen 101
while they are rotating in the reverse direction as shown in FIG. 10A.
Therefore, if 



the condition which the front end portion of the print- ing sheet 106 abuts
against the platen 101 and driven roller 102 is irregular as shown in FIG.
10B, the front end portion of the printing sheet 106 may be wound on the
roller, or folded as shown in FIG. 10C. Further, the bending (or
slackening) operation applied to the print- ing sheet is performed only by
rotating the paper feed- ing roller in the forward direction while checking
the 





-2-   advance the front end portion of the printing sheet.  Hence, if the
printing sheet is large in thickness, it is  difficult to sufficiently bend
the same, and it takes a  relatively long period of time to bend the sheet,
with the  results that the printer is lowered in through-put and in 



reliability.    In the conventional apparatus taught in Japanese  Patent
Publication No. Sho. 62-38261, the printing sheet  is once fed until the
sheet passes completely through the      of drive rollers to detect such a
condition of the printing sheet with the sensor and then the pair of drive
rollers are controlled to rotate in the reverse direction and, further, i
bending the printing sheet by turning 



the drive roller in the reverse direction, the sheet feed- ing roller is
held stopped as described above. Hence, the    printing sheet must be bent
only by turning the drive roller in the reverse direction. For this reason,
it takes a long time period and accordingly the through-put is lowered.
Furthermore, in the case of a printing sheet relatively large in thickness,
the roller may slip, so that the printing sheet cannot be sufficiently
bent, with the 



result that the printer is lowered in reliability.          SUMMARY OF THE
INVENTION    Accordingly, the present invention was made to elim- inate the
above-described difficulties accompanying conventional printing apparatuses
for feeding a printing sheet in a printer. That is, an object of the
invention is to provide a printing apparatus in which a printing sheet can
be bent quickly to eliminate the difficulty that the 



printing sheet is placed skew.   The foregoing object of the invention has
been achieved by a provision of a printing apparatus which includes: a
platen driven to rotate forwardly and re- versely; a driven roller pushed
against the platen; and a sheet feeding roller for feeding a printing sheet
sepa- rately from stacked sheets, characterized in that the printing
apparatus further includes an auxiliary paper 



feeding roller positioned between the paper feeding roller and the nipping
region of the platen with the driven roller and rotating in the forward
direction both when the platen rotates in the forward and reverse
directions, when the front end portion of a printing sheet separated from a
stack of printing sheets and con- veyed therefrom by the sheet feeding
roller, after pass- ing through the auxiliary sheet feeding roller reaches 



near the nipping region of the platen and the driven roller, the platen is
being rotating in the forward direc-       



-3-  tion, so that, the front end portion of the printing sheet exceeds the
nipping region of the platen and the driven roller and fed further by a
predetermined distance, 



thereafter the platen is turned in the reverse direction to thereby push
back the printing sheet by a distance more than that corresponding to a
distance for which an end portion of the printing sheet has transported
after pass- ing through the nipping region of the platen and the driven
roller with the auxiliary sheet feeding roller being rotated in the forward
direction to convey the printing sheet, so that the printing sheet is bent
being 



pushed in front and in rear, and thereafter the platen is rotated in the
forward direction again, to transport the printing sheet to a printing
start position.   BRIEF DESCRIPTION OF THE DRAWINGS   FIG. 1 is a sectional
view showing essential compo- nents in an embodiment of this invention;
FIG. 2 is an explanatory diagram showing the first step of conveyance of a
printing sheet in the embodi- 



ment of the invention;   FIG. 3 is an explanatory diagram showing the
second step of conveyance of the printing sheet in the embodi- ment of the
invention;   FIG. 4 is an explanatory diagram showing the third step of
conveyance of the printing sheet in the embodi- ment of the invention;
FIG. 5 is an explanatory diagram showing the fourth 



step of conveyance of the printing sheet in the embodi- ment of the
invention;   FIGS. 6A-6D are explanatory diagrams describing the sequential
conveyance of the printing sheet, and the sequential operation of a gear
train in the embodiment of the invention;   FIG. 7 is an explanatory
diagram for a description of the positions of the printing sheet and the
operations of 



rollers in the embodiment of the invention;   FIG. 8 is a perspective view
showing a printing appa- ratus to which the present invention is applied;
FIGS. 9A-9D are sequential view, for explaining a sheet bending operation
according to the present inven- tion; and   FIGS. 10A-10C are sequential
views for explaining a sheet bending operation according to the
conventional 



apparatus.        



-4       DESCRIPTION OF THE PREFERRED                  EMBODIMENTS
Preferred embodiments of the present invention will now be described with
reference to the accompanying drawings. 



FIG. 8 is a perspective view showing a printing appa- ratus to which the
present invention is applied. FIG. 1 is a sectional view of a part of the
printing apparatus showing a sheet transporting path between a print head
and an automatic sheet feeding device for feeding a printing sheet
separately from stacked sheets. The auto- matic sheet feeding device as
shown in FIG. 1 is most popularly used. The device has a sheet
accommodating 



section 9 for supporting printing sheets 6. A sheet feed- ing roller 5 is
provided at the front end of the sheet accommodating section 9. An
auxiliary sheet feeding roller 3 is provided closer to the printer body
than the sheet feeding roller 5. An auxiliary driven roller 10 is pushed,
as an idle roller, against the auxiliary sheet feeding roller 3.   On the
other hand, in the printer body, a driven roller 



2 made of elastic material is pushed against a platen 1, and sheet
detecting means 4 (made up of a micro- switch) for detecting the presence
or absence of a print- ing sheet is disposed between the driven roller 2
and a sheet inserting inlet 11.   The operations of the above-described
components will be described. When, as shown in FIG. 2, the platen I is
turned in the reverse direction (i.e., in the direction 



of the arrow a) through a gear train (described later) by a drive motor
(not shown), the sheet feeding roller 5 is rotated in the forward direction
(i.e., in the direction of the arrow b) so that a top most sheet of
printing sheets 6 stacked in the sheet accommodating section 9 are
separated from the stack of printing sheets one after another. The sheet
feeding roller 5 is arranged to rotate forwardly by a planet gear mechaism
(described later) 



when the platen I rotates reversely. The printing sheet 6 thus separated is
moved on by the sheet feeding roller 5 turning in the forward direction
until it is nipped between the auxiliary sheet feeding roller 3 and the
auxiliary driven roller 10.    The traveling distance of the printing sheet
in this operation is controlled by number of drive pulses to be supplied to
a stepping motor acting as the drive motor 



in accordance with a length of the sheet transporting path between the
sheet feeding roller 5 and a contacting       



-5-  point between the auxiiary sheet feeding roller 3 and the auxiliary
driven roller 10.    Afterwards, the platen 1 rotates in the forward direc-



tion (i.e., in the direction of the arrow c) as shown in FIG. 3. As a
result, the printing sheet 6 is further con- veyed by the auxiliary sheet
feeding roller 3 rotating in the forward direction through the planet gear
mecha- nism described later and the auxiliary driven roller 10, and the
position of the front end of the printing sheet 6 is detected by the sheet
detecting means 4. Ihe auxiliary sheet feeding roller 3 is arranged to
rotate forwardly by- 



the planet gear mechanism (described later) both when the platen 1 rotates
forwardly and reversely.   After the front edge of the printing sheet is
detected in the above-described manner, the platen 1 and the auxiliary
sheet feeding roller 3 continue turning a prede- termined angle of rotation
in the forward direction to convey the printing sheet 6 as shown in FIG.
9A. so that thereafter the printing sheet 6 is nipped at a prede- 



termined amount (preferably 9 mm in the present em- bodiment) between the
platen 1 and the driven roller 2 pushed against the platen 1 as shown in
FIG. 9B.   The sheet feeding distance is controlled by the num- ber of
drive pulses supplied to the drive motor in accor- dance with the sheet
transporting distance between the sheet detecting men  4 and an abutting
point of the driven roller 2 against the platen 1 and the predeter- 



mined nipping amount, until the sheet feding operation stops while the
printing sheet 6 is nipped by the platen 1 and the driven roller 2 at the
predetermined amount, after a front end of the printing sheet 6 is detected
by the sheet detecting means 4.   Next, as shown in FIG. 4 and FIG. 9C, the
platen 1 is rotated reversely (arrow a) by a sufficient amount so that the
sheet 6 thus nipped is moved backwardly until 



the front end of the printing sheet comes to the position (d) where the
platen 1 is in contact with the driven roller 2. In this operation, as the
platen 1 rotates in the reverse direction (i.e., in the direction of the
arrow a), the auxiliary sheet feeding roller 3 and the auxiliary driven
roller 10 are turned in the forward direction; that is, the sheet 6 is bent
being pushed in front and in rear as shown in FIG. 9D. Owing to this
bending, since the 



front end of the sheet 6 is abutted against the position (d) where the
platen 1 contacts to the driven roller 2, the front end of the sheet 6 is
aligned to thereby elimi- nate the undesirable skew of the printing sheet.
The sheet bending operation is carried out as de- scribed above, with the
results that the front end of the   



- 6 - 



printing sheet 6 does not skew and a stable bending operation can be
achieved as shown in FIG. 9 even if the front end of the sheet 6
irregularly contacts to the position (d) where the platen 1 contacts to the
driven roller 2 to some extent. Further, the amount of reverse rotation of
the platen 1 can be extremely small, and the period of time required for
the sheet bending operation 



is considerably short.   When the sheet has been bent as required, the
platen 1 is rotated in the forward direction (i.e., in the direction of the
arrow c) to convey the sheet to the printing start position (FIG. 5).   The
gear train for driving those rollers, and its opera- don will be described
with reference to FIGS. 6A-6D and 7. A platen gear 1g engages directly with
a drive 



gear 14 which is driven by a drive motor (not shown). First, second and
third planet gears 16,17 and 18, which are coupled to one another through a
common lever 15 having three arms, are engaged with the drive gear 14 in
such a manner that they rolls along the drive gear 14. When the drive gear
14 is turned in the forward direc- don (Le., counterclockwise in the FIGS.
6A-14 6D sequence), the first planet gear  16 swirls counterclock- 



wise together with the drive gear 14, to transmit a for- ward rotation
drive force to an auxiliary sheet feeding gear 3g as shown in FIGS. 6B and
MD. When the drive gear 14 is rotated in the reverse direction, the third
planet gear 18 swirls clockwise in FIG. 6, to transmit a forward rotation
drive force to a sheet feeding gear 5g as shown in FIGS. 6A and 6C.
Thus, at the sheet feeding start time instant (time 



point a in FIG. 7), the drive gear 14 starts to rotate it  the reverse
direction, and the second planet gear 17  which positions to swirl
clockwise around the drive  gear 14 transmits the forward rotation drive
force  through the idler gear 19 to the auxiliary sheet feeding  gear 3g
and similarly the third planet gear 18 transmits  the forward rotation
drive force to the sheet feeding  gear Sg;, so that the sheet 6 is
transported by the sheet 



feeding roller S.     When the sheet feeding operation is advanced, i.e.,
when the front edge of the printing sheet reaches the  auxiliary sheet
feeding roller 3 (at a time point b in FIG.  7), the drive motor is turned
in the forward direction.  Thereupon, the first planet gear 16 swirling
counter-  clockwise around the drive gear 14 with the changing  time At is
engaged with the auxiliary sheet feeding gear 



3g, to transmit the forward rotation drive force to the  latter 3g, while
the platen gear lg engaged directly with       



-7-  the drive gear 14 rotates the platen 1 in the forward direction, to
allow the auxiliary sheet feeding roller 3 to continue the sheet feeding
operation 



Afterwards, the front end of the printing sheet 6 passes through the sheet
detecting means 4 and reaches the abutting point of the driven roller 2
against the platen 1 and, moves further by a predetermined distance [err]1
and the front end of the sheet 6 is nipped by the predetermined distance
amount [err]l from the contact point between the platen 1 and the driven
roller 2 (time point c in FIG. 1), the drive motor rotates the drive gear 



14 in the reverse direction for a predetermined distance (corresponding to
time period t in FIG. 7) which is sufficient to move the front end of the
sheet 6 back to the contact point between the platen 1 and the driven
roller 2, so that the platen 1 is turned in the opposite direction through
the platen gear 1g. Therefore, as shown in FIG. 7, in the earlier part of
the period of time between the time instants c and d, the platen 1 returns 



the front edge of the printing sheet 6 as much as an amount of draw [err]l.
The auxiliary sheet feeding roller 3, receiving the forward rotation drive
force through the idler gear 19 from the second planet gear 17, feeds the
printing sheet 6 again. during the period of time t-[err]t after the planet
gear 17 is switched, to slacken (or bend) the printing sheet 6 as much as
(L- 1) between the platen 1 and the 



auxiliary sheet feeding roller 3. As a result, the front edge of the
printing sheet is aligned with the axis Of the platen by the back tension
of the printing sheet 6 itself; that is, the printing sheet 6 is prevented
from skewing.    When the period of time t has passed; i.e, at the tume
instant d in FIG. 7, the drive gear 14 is turned in the forward direction
again, to turn the platen in the for- ward direction to draw the printing
sheet 6, and thereaf- 



ter the auxiliary sheet feeding roller 3 which has started turning in the
forward direction after the period of time At that the planet gear 16 is
switched, feeds the remain- ing part of the printing sheet 6.    The platen
1, the auxiliary sheet feeding roller 3, and the sheet feeding roller S are
controlled as described above. However, the above-described method may be
replaced by a method in which plungers are used to 



control the gear train, or a method in which a respective drive motor
independent for each platen 1, auxiliary sheet feeding roller 3 and sheet
feeding roller 5 is em- ployed.    The printer is constructed as described
above, and is operated according to the above-described method.   
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Hence, the sheet bending operation can be achieved quickly and accurately.
Furthermore, even if the front end portion of the printing sheet 6 is
irregularly brought into contact with the driven roller 2 or the platen 1,
it will not be folded, that is, the conveyance of the print- 



ing sheet 6 to the printing start position is improved in accuracy.   If
the sheet detecting means 4 is positioned at down- stream of the sheet
transporting path of the pair of rol- lers for bending the sheet by
rotating reversely as in the case of Japanese Patent Publication No. Sho.
62-38261 mentioned above, then in the case where the printing sheet is
manually inserted into the printer body through 



the sheet inserting inlet, it is impossible for the detecting means to
determine the presence or absence of the print- ing sheet, and it is rather
difficult to handle the printing sheet. On the other hand, in the
invention, with the sheet detecting means 4 arranged as described above,
even when the printing sheet is manually inserted along the sheet guide 12
towards the sheet inserting inlet 11, the 



presence or absence of the printing sheet can be deter- mined by the sheet
detecting means 4, which will elimi- nate the above-described difficulty
that it is rather diffi- cult to handle the printing sheet.   As was
described above, in the printing apparatus of the invention, after the
printing sheet separated from the stack of printing sheets and conveyed by
the sheet feeding roller passes through the auxiliary sheet feeding 



roller, with the platen being rotated in the forward direction the printing
sheet is nipped between the platen and the driven roller as much as
required, and then the platen is turned in the reverse direction through an
angle of rotation more than that corresponding to the distance for which
the printing sheet has passed through the nipping region of the platen and
the driven roller. The auxiliary sheet feeding roller is turned in the for-



ward direction, so that the printing sheet is beat being pushed in front
and in rear. Thus, irespective of the type of the printing sheet, the
printing sheet can be bent suitably, positively and short in time, so that
the elimi- nation of the undesirable skew can be achieved quickly.    
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What is claimed is:    1. A printing apparatus comprising:    a platen
rotating forwardly and reversely;    a driven roller abutted against sad
platen;    a sheet feeding roller for feeding a printing sheet
separately from stacked sheets; 



an auxiliary sheet feeding roller disposed between an      abutting point
of said driven roller against said      platen and said sheet feeding
roller, said auxiliary      sheet feeding roller roating forwardly both
when      said platen rotates forwardly and reversely;   wherein said
platen rotates forwardly when said     printing sheet reaches close to an
abutting position     of said driven roller against said platen after a
front 



end of the printing sheet fed by said sheet feeding     roller passes
through said auxiliary sheet feeding     roller, after the printing sheet
is fed by a first prede-     termined distance exceeding the abutting
position     of said driven roller against said platen said platen
rotates reversely by a second predetermined dis-     tance larger than said
first predetermined distance     while said auxiliary sheet feeding roller
rotated 



forwardly whereby bending the printing sheet and,     thereafter said
platen rotates forwardly to trans-     port the printing sheet to a
printing start position.     2. The printing apparatus of claim 1. further
compris-  ing means for detecting the printing sheet, said detec- tion
means is disposed between said auxiliary sheet feeding roller and said
platen.    3. The printing apparatus of claim 2, wherein the 



printing sheet transporting distance after the presence  of the sheet is
detected by said detection means is deter-  mined in accordance with a
sheet feeding path between  the abutting point of said driven roller
against said  platen and said detection means and with said first pre-
determined distance.    4. The printing apparatus of claim 3, wherein said
platen, driven roller, sheet feeding roller and auxiliary 



sheet feeding roller are driven by a pulse motor.  5. The printing
apparatus of claim 4, wherein said  pulse motor is actuated by drive pulses
the number of  which is determined by the printing sheet transporting
distance.  6. The printing apparatus of claim 1, wherein said  first
predetermined distance is 9 mm.    7. The printing apparatus of claim 1,
wherein said 



lq~ tia . .-        



- 10 -   driven roller is formed of an elastic material.    8. Method of
feeding a printing sheet separately from stacked sheets in a printing
apparatus having a platen, a 



driven roller abutted against said platen, a sheet feeding roller and an
auxiliary sheet feeding roller, comprising steps of:    feeding a printing
sheet separately from stacked      sheets by said sheet feeding roller;
rotatini said platen forwardly while the printing     sheet is transported
through said auxillary sheet     feeding roller and reaches close to an
abutting 



point of said driven roller against said platen;   rotating further said
platen and said sheet feeding     roller forwardly to feed the printing
sheet by a first     predetermined distance exceeding the abutting
point of said driven roller against said platen;   rotating said platen
reversely to feed the printing     sheet backwardly by a second
predetermined dis-     tance larger an said first predetermined distance 



while rotating said auxiliary sheet feeding roller     forwardly to bend
the printing sheet; and   rotating said platen forwardly to transport the
print-     ing sheet to a printing start position.   9. The method of
feeding a printing sheet of claim 8, further comprising step of detecting a
front end of the printing sheet before the sheet reaches the abutting point
of said driven roller against said platen. 



10. The method of feeding a printing sheet of claim 8, wherein said first
predetermined distance is 9 mm.   11. The method of feeding a printing
sheet of claim 9, wherein the printing sheet transporting distance after
the presence of the sheet is detected is determined in accordance with a
sheet feeding path betwec the abut- ting point of said driven roller to
said platen and said detection means and with said first predetermined dis-










