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Sheet Supply Apparatus

" BACKGROUND OF THE_ INVENTION

Field of the In&ention

The present invention relates to a sheet supply
apparatus for supplying a sheet (recording sheet,
transfer shéet, photo-sensitive sheet, electrostatic
recording sheet, printing sheet, OHP sheet, envelope,
post card, oéiginal sheet or the 1like) from a shéet
stacking portion to a sheet treating portion (such as a
recording portion, a reading portion, working portion,
or the like) in a recording apparatus (printer) acting
as anﬁinformation outputting appafatus of a word
processor, a personal comphter and the like, or in an
image forming apparatus such as a copying machine, a
facsimiié and the like, or other equipments using the
sheet, and a recording apparatus having such a sheet
supply apparatus.
Related Background Art

In sheet supply apparatuses, a function for surely
separating a singlelsheet from a sheet stack is
requested; In the past, there has been proposed a
technique in which a pawl member is arranged at a front
corner of the sheet stack so that, when the sheets are
fed out by a sheet supply roller, by flexing only an
uppermost sheet.to ride over the pawl member, the

uppermost sheet is separated from the other sheets.
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However, even when this technique.is used, it is very
difficult to sepafate a sheet which is hard to be
flexed (for example, an envelope-or a post card having
strong resiliency). ' |

On the other hand, in order to separate the sheet
which is hard to be flexed (such as an envelope or a
post card), a technique is proposed as disclosed in the
Japanese Patent Appln. Laid-open No. 3-284547. This
technique will now be eiplained with reference to Fig.
28. In Fig. 28, a sheet stacking platé 201 on which
sheets are stacked is biased upwardly by a spring

member 203. A free roller 204 for regulating a

‘position of an uppermost sheet on the sheet stack is

abutted against an upper surface of the sheet stack
rested on the shéet stacking plate 210 so that the
upper surface of the sheet stack is maintained below a
guide surface 205. Further, an inclined surface 207
for separating the sheets is arranged at a downstream
side of the sheet stacking plate 201.

A sheet supply roller 206 is a semi-circular
roller having a large diameter portion and a small
diameter éortion. During rotation of the sheet supply
roller, when the large diameter portion thereof is
contacted with the uppermost sheet on the sheet stack,
the sheets are fed out. The sheets fed out by the
sheet supply roller 206 are urged against the inclined

surface 207, and the uppermost is flexed to ride over
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the inclined surface 207, thereby separating the
uppermost sheet from the other sheets. Since tip ends
of the second, third and other sheets are held down by
an elastic force of the flexed uppermost sheet, the
second, third and other sheets cannot ride over the
inclined surface 207. In this way, only the uppermost
sheet can surely be separated from the other sheets.

However, in such a sheet sepérating mechanism,
since the tip ends of the second, third and other
sheets are held down by the elastic force generated
when the sheet is flexed between the inclined surface
207 and a point P (contact point between the sheet and
the free roller 204), and, thus, since the elastic
force éffects a great influence upon the separating
operation, it is necessary to select an inclination
angle of the inclined surface 207 in accordance with
thé bending elastic modulus of the sheet. That is to
say, when a sheet having the great bending élastic
modulus is separated, the inclination angle of the
inclined surface must be selected to be smaller so as
not to fold the sheet to be fed out; whereas, when a
sheet having the small bending elastic modulus is
separated, the inclination angle of the inclined
surface must be selected to be greater so as to surely
hold down fhe other sheets by the elastic force of thg
flexed uppermost sheet.

Aécordingly, if the inclination angle of the
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inclined surface 207 is selected to be smaller to
permit the separation of the sheet having the great
bending elastic modulus (such as an envelope, a post
card or the like), for example, when it is desired to
separate a sheet (for a copying machine) having a
weight of 60-to 100 grams/mz, the second, third and
other sheets cannot be sufficiently held down by the
elastic force of the flexed uppermost sheet, with the
result that the double-feed of sheets may occur. Thus,
this arrangement cannot be used in separation of the
sheet (such as plain sheet) having the small bending
elastic modulus.

To avoid this, there has been proposed a technique
in which plural kinds of sheets having each different
bending elastic modulus can be separated by a single
separation means, for example, as-disclosed in the
Japanese Patent Appln. Laid-open No. 58-202228; Now,
this technique will be briefly explained with reference
to Fig. 29.

A sheet stacking plate 301 on which sheets are
stacked is biased upwardly by a spring 302, and a
position bf an uppermost sheet on the sheet stack is
regulated by holder pawls 302 disposed in the proximity
of left and right front corners of the sheet stack. A
sheet supply roller 303 is urged against the uppermost
sheet so that, when the sheet supply roller is rotated,

the sheet can be fed out. An abutment member 305
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pfovided on a reference surface 304 for regulating tip
ends of the stacked sheéts is formed from a-plasfic
film or a metal spring plate having a predetermined
bending elastic modulus so that the abutment member can
be bent or flexed when.it is urged by the sheets fed
out by the sheet supply roller 303.

In such a sheet supply apparatus, for example,
sheets (for a copying machine) having small bending
elastic module afe separated one by one when a tip end
portion of the uppermost sheet is flexed and rides over
the holdér pawls 302, as is in the conventional
separétion means of pawl separation type. On the other
hand, regarding thick sheets (such as envelopes, post
cards) having great bending elastic modulus, the
abutment member 305 is greatly flexed by the tip ends
of the sheets, with the result that the sheets are
successively advanced while sliding on the flexed
abutment member. Consequently, the thick sheets are
separated one by one. In this way, various kinds of
sheets each having different bending elastic modulus
can be separated.

Further, aS'Shown in Fig. 30, a thick sheet
separating plate 306 may be provided in association~
with the reference surface. In this case, the thick
sheets are separated one by one when the uppermost
sheet rides over the separating plate 306.ahd flexes

the abutment member 305.
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Further, the Japanese Patent Appln. Laid-open No.
2-193834 discloses a technique for separating sheets
one by one by using a member similar to the above-
mentioned abutment member. . In this technique, a sheet
stacking plate on which sheets are stacked is urged
against a sheet supply roller by springs so that, when
the éheet supply roller is rotated, the sheets can be
fed out. An abutment member is disposed pefpendicular
to a sheet supplying direction so that the sheets fed
out by the sheet supply roller can be separated one by
one when the abutment member is flexed by the sheets.
According to this arréngement, various kinds of sheets
each paving different bending elastic modulus can be
separated one by one.

However, the abutment member used in the above-

-mentioned conventional apparatuses is formed in an

oblong shape. Thus, the flexed amount of the abutment
member is determined merely by the material_and
configuration (size, thickness and the like) of the
abutmeht member. Accordingly, it is difficult to
select an optimum abutment member which can provide the
optimum séparating ability, thereby limiting the
freedom of design. Therefore, there arose problems
that the sheets cannot surely be separated bécause of
poor separating ability and that the cost is increased
to obtain the optimum abutment member capable of

providing the optimum separating ability.
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Further, in the conventional oblong separation
member, it is feared that the sheet which abuts against
the separation member and is then separated from the
other sheets is flexed downwardly at a central portion
of the separation member in a widthwise direction. 1If
the sheet is flexed downwardly in this way, the flexed
portion of the sheet will be caught by the abutment
member to cause the prevention of separation or poor

separation, thereby reducing the separating ability.

SUMMARY OF THE INVENTION

An objegt of the present invention is to improve
separgting ability of a separation means in which a
éheet is angularly displaced elastically when the sheet
abuts against thé separation means and the sheet is
separated one by one from the other sheets when the
sheet rides over the separation means.

To achieve the above object, a éheet supply
apparatus according to the present invention comprises
sheet supporting means for supporting sheets, sheet
supply means for féeding out the sheet supported by the
sheet supborting means, and separation means against
which the sheet abuts to elastically cause angular
displacement of the sheet and adapted to permit the
separation of the sheet when the sheet rides over the
separation means. Wherein the separation means is

formed from a thin plate-shaped member which includes
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at least an aperture or a notch.

By forming the aperture or the notch in the thin
plate-shaped member of the separation means in this
way, it is possible to properly select bending elastic
modulus, thereby providing the separation means having

optimum separating ability.

BRIEF _DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a recording
apparatus having a sheet supply apparatus according to
a first embodiment of the present invention;

Fig. 2 is an elevational sectional view of the
recor?ing apparatus;

Fig. 3 is an explanatory view showing a normal
rotation condition in a drive transmission mechanism of
the shéet supply apparatus:;

Fig. 4 is an explanatory view showing a reverse
rotation condition in the drive transmission mechanism
of the sheet supply apparatus:;

Fig. 5 is a side view of the sheet supply
apparatus showihg an condition that sheets are not yet
separated}

Fig. 6 is a side view of the sheet supply
apparatus showing a condition that sheets are being
separated;

Fig. 7 is a side view showing a relation between

forces in the sheet supply apparatus when the sheets
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are being separated;

Fig. 8 is a side view showing a relation between
forces in the sheet supply apparatus when the
separafion of the sheets is started;

Fig. 9 is a side view of the sheet supply
apparatus showing various feeding amounts for the
sheets;

Fig. 10 is a side view of the drive transmission
mechanism of the sheet supply apparatus showing a
condition when the reverse rotation condition is
switched to the normal rotation condition;

Fig. 11 is a side view of the sheet supply
apparatus showing a condition when the separation
between a sheet supply roller and the sheet is started;

Fig. 12 is a side view of the sheet supply
apparatus showing a condition when a non-toothed
portion of a notched gear after the sheet supply roller
and the sheet are separated from each other;

Fig. 13 is a perspective view showing a relation
between forces when the sheet is urged against
separation members of the sheet supply apparatus;

Fig..14 is a front view showing the condition of
Fig. 13 regarding one separation member;

Fig. 15 is a front view showing a configuration of
a separation ﬁember provided in the sheet supply
apparatus;

Fig. 16 is a front view showing a configuration of
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another separation member provided in the sheet supply
apparatus; |

Fig. 17 is a perspective view of a recording
apparatus having a sheet supply apparatus according to
a second embodiment of the present invention:;

Fig. 18 is an elevational sectional view of the
recording apparatus of Fig. 17; |

Fig. 19 is a side view of the sheet supply
apparatus of Fig. 17 showing a condition that sheets
are not yet separated: |

Fig. 20 is a side view of the sheet supply
apparatus of Fig. 17 showing various feeding amounts
for the sheets;

Fig. 21 is a side view of the drivé_transmission
mechanism of the sheet supply aﬁparatus of Fig. 17
showing a condition when the reverse rotation condition
is switched-to the normal rotation condition;

Fig. 22 is a side view of the sheet supply
apparatus showing a condition when the separation
between a sheet supply roller and the sheet is started:

Fig. 23 is a side view of the sheet supply

apparatus; for explaining registration of the sheet;

Fig. 24 is a flow chart for explaining a re-tray
control in the sheet supply apparatus:;

Fig. 25 is a perspective view of a recording
apparatus having a sheet supply apparatus according to

a third embodiment of the present invention;
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Fig. 26 is an elevational sectional view of the
recording apparatus of Fig. 24;

Fig. 27 is a side view showing a relation between
forces in the sheet supply apparatus when the sheets
are beihg separated; and

Figs. 28 to 30 are views showing an example of a

conventional sheet supply apparatus.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figs. 1 and 2 show é first embodiment of the
present invention which is applied to an ink jet
printer having an ink jet recordiné means, where Fig. 1
is a schematic perspective view of the printer, and
Fig. 2 is sectional view of the printer.

| In Fig. 2, the printer has a cover 1, and a 1id 2
pivotally mounted on a shaft 2a and also acting as a
sheet tray. Sheets are inserted through an insertion
opening la formed in the cover 1 and are discharged
from a discharge opening 1lb. Within a plurality of
side plates 3 providéd on the cover 1, there are
provided a sheet stacking plate (sheet stacking means)

4 pivotally mounted on a shaft 4a and biased (upwardly)

‘toward a sheet sﬁpply roller 9 by a spring 5 having one

end connected to a pin 5, sheet supply rollers (sheet
supply means) 9 each having a large diameter portioh
capable of being contacted with the sheet and a small
diameter portion not contacted with the sheet, drive
cams 7 secured to a shaft 8 and engaged by cam follower
portions 4b provided on left and right ends of the
sheet stacking plate 4 to push the sheet stacking plate
4 downwardly, abutment members (separation means) 10

acting as separation members for separating the sheets

one by one when it is flexed by the sheets supplied by

the sheet supply rollers 9, and a guide member 11

having a surface lla for lifting a tip end of the sheet
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separated by the abutment members 10 and adapted to
separate the sheet from the tip ends of the abutment
members 10 by lifting the sheet by the surface lla.
Further, at é downstream side of the guide member
11, there are provided a photo-sensor (sheet detection
means) PH having a light emitting portion and a light
receiving portion and adapted to detect the tip and
rear ends of the sheet on the basis of the
presence/absence of the light, a convey roller (convey
means) 13 secured to a shaft 12 and adapted to convey
the sheet éupplied by the sheet supply rollers 9 and
guided by an upper guide 28a and the guide member 11 at
é constant speed, first pinch rollers 16 rotatably
mounteé on a shaft 14 and urged against the convey
roller 13 by springs 15 wvia the shaft 14, a platen 18
including ink absorbing material 17 therein, dischargé
rollers 20 secured to a shaft 19 and adapted to
discharge the shéet on which an image was recorded,
second pinch rollers 23 rotatably mounted on a shaft 21
and urged against the discharge rollers 20 by springs
22 via the shaft 21, a carriage 26 guided by guide
shafts 24, 25 and shiftable in a widthwise direction of
the sheet, and a recording head 27 mounted on the
carriage 26 and adapted to discharge ink from a
discharge portion 27a to record the image on the sheet
in response to image information. The carriage 26 is.

driven by a motor 29 provided on a central side plate
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28 having the upper guide 28a, a pulley 30 secured to
an output shaft of the motor 29,-and a belt 31 mounted
around the pulley 30 and having one end secured to the
carriage 26.

Further, within the case 1, there are provided an
electric operation substrate 33 having a plurality of
switch buttons 32 protruded from holes formed in the
case 1, and an electric control substrate (control
means) 34 disposed below the sheet stacking plate 4 and
having a micro-computer and memories to control the
operation of the ink jet printer.

Next, a switching means for engaging the sheets
stacked on the sheet stacking plate 4 and the sheet
supply”rollers 9 or disengaging the sheets from the
sheet supply rollers 9 will be explained with reference
to Fig. 1.

The drive cams (cam members) 7 éécured to the
shaft 8 of the sheet supply rollers 9 are urged against
the corresponding cam follower portions 4b provided on
the sheet stacking plate 4 at predetermined positions
by the springs 5 so that the cams 7 are rotated in
synchronous with the sheet supplying operation of the
sheet supply rollers 9 to lift or lower the sheet
stacking plate 4, thereby engaging the sheets by the
sheet supply rollers 9 or disengaging the sheets from
the sheet supply rollers.

Since a pulley 37 provided on one end of the shaft
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12 of the convey roller is connected to a pulley 38
provided on one end of the shaft 19 of the discharge
rollers via a belt 39, a rotational force of a motor
(drive source) M is transmitted to the discharge
rollers 20 via the shaft 12.

A cap support 41 having a cap 40 for covering the
ink discharge portion 27a of the recérding head 27 is
disposed at an opposite side of the motor with the
interposition of the sheet conveying path. The cap
support 41 has a rotary shaft 4la and a push-down cam
portion 41b and is biased to be rotated around the
shaft 4la in an anti-clockwise direction by a spring
force of a spring 42. As the carriage 26 is shifted,
when aﬂprojection 26a of the carriage 26 is contacted
with the push-down cam portion 41b, the cap support 41
is pushed downwardly in opposition to the force of the
spring 42, thereby lowering the cap 40. After the
projection 26a passes through the push-down cam portion
41b, the cap 40 is lifted to closely cover the ink
discharge portion 27a.

A pump 43 has a-ﬁiston shaft 43b having a rack
43a, a suction port 43c and a discharge pdrt 43d. The
suction port 43c is connected to the cap 40 through a
tubé 40a, and the discharge port 43d is connected to
the platen 18 through a tube 44 so that the ink sucked
from the cap 40 is discharged onto the ink absorbing

material 17.
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A pump drive gear 45 with which the rack 43a of
the pump 43 can be engaged is mounted on the shaft 12
in such a manner that it can be shifted along the shaft
12 and be rotated together with the shaft 12. The pump
drive gear is biased toward a position where the gear
is not engaged by the rack 43a, by a spring 46.

A solid component of the ink is apt to adhere to
the neighborhood of the ink discharge openings to cause
the poor ink discharge. If the poor ink discharge
occurs, in order to perform a poor discharge recovery
operation, under the control of the controller 34, the
carriage 26 is shifted by the motor 29 to contact the
discharge portion 27a with tﬁe cap 40.. When the
carriaée 26 is shifted, since the projection 26b of the
carriage 26 shifts the pump drive gear 45 to a position
shown by the two-dot and chain line, the pump drive
gear 45 is meshed with the rack 43a. In this
condition, when the geaf 45 is rotated by the motor M
within a predetermined rotational angle in the normal
and reverse directions alternately by a predetermined
number of cycles, the rack 43a is reciprocally'shifted
along a straight line by the same predetermined number
of cycles. Since the reciprocal movement of the rack
43a causes reciprocal movement of a piéton connected to
the piston shaft 43b, the pump 43 absorbs or sucks the
ink and its solid component from the ink discharge

portion 27a, and the absorbed matters are discharged
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onto the ink absorbing material 17 in the platen 18.

Next, a drive transmitting mechanism for
transmitting the rotational force of the motor M to the
sheet supply rollers 9 and the convey roller 13 will be
explained.

Under'the control of the controller 34, the motor
M rotates the pair of convey rollers 13, 16 through an
output gear 47 mounted on the output shaft, a two-stage
gear 48 and a convey roller gear 49 secured to the
shaft 12, thereby conveying the sheet. On the other
hand, the motor M also rotates a gear 51 secured to a
shaft 50 through the output gear 47 and the two-stage
gear 48. A first planetary gear 53 meshed with a first
sﬁn ge;r 52 secured to the shaft 50 comprises a large
planetary gear 53a and a small planetary gear 53b, and
a shaft 54 of the first planetary gear 53 is supported
by a first carrier 55 which is rotated around the shaft
50. |

Since the first planetary gear 53 is urged against
one of arm members 55a of the first carrier with a
predetermined pressure by a spring 56 mounted around
the shaft 54, when the first planetary gear 53 is
rotated, a certain load is applied to the first
planetary gear.

In Figs. 1 and 3, when the output gear 47 provided

on the shaft of the motor M is rotated in a direction

shown by the arrow 47a, the first sun gear 52 is
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rotated in a direction shown by the arrow 50a. When

the large planetary gear 53a meshed with the first sun
gear 52 is rotated, since a certain load is applied to
the large planetary gear, the first planetary gear 53
is not rotated, but is revolved around the first sun
gear 52 in a direction shown by the arrow 50a. Due to
this reVolution, since the first carrier 55 is also
rotated in the direction shown by the arrow 50a, the
small planetary gear 53b is engaged by a gear 57
secured to the shaft 8 of the sheet supply rollers,
with the result that the rofational force of the motor
M is transmitted to shaft 8, thereby rotating the sheet
supply rollers 9 in a sheet supplying diréction 8a.

Tge gear 57 has a non-toothed portion 57a. As the
gear 57 is rotated, when the non-toothed portion 57a is
opposed to the small planetary gear 53b, the small
planetary gear 53b is rotated idly, with the result
that the rotational force is not transmitted to the
gear 57. Consequently, the gear is stopped and the
rotation of the sheet supply rollers 9 in the sheet
supplying direction 8a is also stopped.

In Figs. 1 and 4, when the motor M is rotated in a
direction shown by the arrow 47b, the first sun gear 52
is rotated in a direction shown by the arrow 50b. By
this rotation, the first carrier 55 and its arm
portions 55a are rotated together with the first

planetary gear 53 in the direction shown by the arrow
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50b. When the first carrier 55 is rotated in the
direction 50b, the small planetary gear 53b is
disengaged from the gear 57. As a result, one of the
arm portions 55a is contacted with a pin 58, thereby
stopping the first carrier 55. In a condition that the
first carrier 55 is stopped, the small planetary gear
53b is rotated idly during the rotation of the first
sun gear 52 in the direction 50b.

A gear 60 meshed with the first sun gear 52 and a
second sun gear 61 are secured to a shaft 59. A second
planetary gear 62 meshed with the second sun gear 61 is
supported by a second carrier 63 which can freely be
rotated around the shaft 59. Since the second
planetéry gear 62 is urged against one of arm members
63a of the second carrier with a predetermined pressure
by a spring 64, when the second planetary gear 62 is
rotated, a certain load is applied to the second_
planetary gear.

In Figs. 1 and 3, when the motor M is rotated in
the direction 47a, the gear 60, shaft 59 and second sun
gear 61 are rotated in a Airection shbwn by the arrow
59a. As-a result, the second carrier 63 is also
rotated together with the second planetary gear 62 in
the direction 59a until the arm member 63a of the
second carrier is contacted with a pin 65. In the
condition that -the second carrier 63 is stopped, the

further rotation of the sun gear 61 causes idle
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rotation of fhe second planetary gear 62.

In Figs. 1 and 4, when the motor M is rotated in
the direction 47b, the sun gear 61 is rotated in a
direction shown by the arrow 59b. As a result, the
second carrier 63 is rotated together with the second
planetary gear 62 in tﬁe direction 59b, with the result
that the second planetary gear 62 is engaged by the
notched gear 57. In this way, the rotation of the.
second sun gear 61 in the direction 59b is transmitted
to the'shaft 8, thereby rotating the sheet supply
rollers 9 in the sheet supplying direction 8a.

As the gear 57 is further rotated by the second

planetary gear 62, when the non-toothed portion 57a of

the gear 57 is opposed to the second planetary gear 62,

the second planetary gear 62 is idly rotated not to

transmit the rotational force to the gear 57. Within a
predetermined angle range a of a so-called non-
synchronous zone in which the second planetary gear 62
is not engaged with the notched gear 57 while the
second'planetary gear 62 being completely revolved
around the second sun gear 61, the second planetary
gear 62 is engaged with an inner gear 66. Due to this
engagement, the second planetary gear 62 is revolved
around fhe second sun gear 61 while being rotated.

In Fig. 1, when the pump 43 is operated by the
aiternate normal and reverse rotations of the motor M

by the prédetermined amount, in order to prevent'the
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engagement between the gear 57 and the second planetary
gear 62, the above-mentioned non-synch;onous zone is
used.

In the illustrated embodiment, when the motor M is
rotated by a predetermined amount to effect the above
operation, the non-synchronous zone of 360 is
required._ However, if the second planetary gear 62 is
revolved without rotation, it is impossible to provide
the non-synchronous zone of 360° .

Thﬁs, by providing the inner gear 66, the second
planetary gear 62 can be rotated and the revolwving
speed of the second planetary gear can be reduced. In

this way, it ié possible to set the non-synchronous

zone. Now, this will be explained. When it is assumed

~that the number of teeth of the second sun gear 61 is

Z,, the number of teeth of the second planetary gear 62
is Z, and the number of teeth of the inner gear 66 is
Z,, the following relation is established:
Z, = Z, + 2Z,
Accordingly, the reduction ratio between the tooth
number Z, and the tooth number Z, becomes as follows:
2,/Z, = 1/1 + 2(Z,/%Z,).
That is to say, when the second sun gear 61 is rotated
within the angular range a of the tootﬁed inner gear
66, the second planetary gear 62 is revolved by a/l1 +
2(2,/Z,), therebhy greatly reducing the revolving speed.

For example, when a = 120", %, = 10 and Z, = 10, a
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revolving angle B of the second planetary gear 62
becomes as follows:
B = 120" /3 = 40°.

On the other hand, in order to revolve the second
planetary gear 62 by 120°, the second sun gear 61 is
rotated by 360 (= 120  x 3), and, thus, the required
non-synchronous zone can be set to 120° .

Next, the sheet supplying operation and recording
operation according to the first embodiment will be
explained with reference to Figs. 1 to 4 and Figs. 5 to
10.

First, of all, to perform an initializing
operation, when the power source is turned ON, in
responée to initialization command from the controller
34 of Fig. 2, the motor M of Fig. 1 is rotated in the
direction 47a (i.e., the convey roller 13 is rotated to
convey the sheet toward the discharge opening 16) by a
predetermined amount. As a result, the drive
transmitting portion reaches a condition that the
rotational force of the motor M of Figs. 3 and 5 is not
transmitted to the sheet supply rollers 9, and the
sheet supplying portion becomes a condition sﬁdwn in
Fig. 5.

In Fig. 5, in a condition that a stop position
iift surface 7b of the drive cam 7 is engaged by the
cam follower portion 4b of the sheet stacking plate 4

by the force of the spring 5, the sheet stacking plate
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4 is located at the lowered position. In this
condition, a plurality of sheets S are stacked on the
sheet stacking plate 4 with tip ends of the sheets
contacted with a lower portion of the abutment members
10.

In Figs. 4 and 6, when the motor M is rotated in
the direction 47b by a predetermined amount in response
to the sheet supply command, the second planetary gear
62 is revolved from a position when the second carrier
63 is contacted with the pin 65 to a position where the
second planetary gear is engaged by the gear 57. When
the second planetary gear is engaged by thé gear 57,
since the rotation of the motor M in the direction 47b
is traﬁsmitted to the gear 57, the sheet supply rollers
9 are rotated in the sheet supplying direction 8a vié
the shaft 8.

On the other hand, when the motor M is rotated in
the direction 47b, the first planetary gear 53 is

rolled around the first sun gear 52 in the direction

- 50b to be disengaged from the gear 57. When the gear

57 is rotated, since the drive cam 7 secured to the
shaft 8 is'rotatgd in the direction 8a, the stop
position lift surface 7b of the drive cam 7 is
disengaged from the cam follower portion 4b of the
sheet stacking piate 4, with the result that the sheet
stacking plate .4 is lifted by the fotce of the spring‘
5.
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Consequentiy, since the uppermost sheet S, on the
sheet stack S rested on the sheet stacking plate 4 is
urged against the rotating sheet supply rollers 9, the
uppermost sheet S, is advanced toward the abutment
members 10. The abutment members 10 urged by the
moving sheets S are flexed in the sheet supplying
direction to change their inclination angle.

Fig. 7 shows a condition that the tip end of the
uppermost sheet S, is aligned with tﬁe free ends of the
abutment members.lo to establish a balanced state after
the sheet supply rollers 9 are further rotated from the
position shown in Fig. 6 to further advance the
uppermost sheet Sl1. Two left and right sheet supply
rolleré 9 are made of material having high coefficient
of friction, such as chlo;oprene rubber, nitrile rubber
or silicone rubber, and the sheets stacked on the sheet
stacking plate 4 are urged against two sheet supply
rollers 9 with an urging force of F, by the springs 5.

When a coefficient of friction between the sheet
supply roller 9 and the uppermost sheet S, is B, @
coefficient of friction between the uppérmost sheet S,
and a second sheet S, is p,, a coefficient of friction
between the second sheet S, and a third sheet S; is p,
and so on, a relation between the coefficient u, of
friction and the coefficient p, of friction is p; » p,.
Accordingly, when the sheets S stacked on the sheet

stacking plate 4 are urged against two sheet supply
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rollers 9 with an urging force of F, by the springs 5,
the uppermost sheet S, is urged against the abutment
members 10 with a shifting force of F, (= Fo(p, - u;)).
On the other hand, a shifting force F, for the éecond
sheet, third sheet and so on is Fo(p, - B3). In this
case, since p, * y;, the shifting force F, is smaller
than the shifting force F,.

Now, a first separating action of the abutment
member 10 will be expléined with reference to Fig. 8.

When the uppermost sheet S, is in a condition S,_,,
the abutment member 10 is secured, at its bottom end,
to the guide member 11 in a condition 10a where the
abutment member 10 is inclinéd toward the sheet supply
rollerﬂg by an angle a with respect to a line 68
perpendicular to a sheet supplying direction 67.

The uppérmost sheet S, is urged against the
abutment member 10a at a point 10c. When the abutment
member 10 is flexed by the above-mentioned force F, by
the angle a to be shifted from the condition 10a to a
condition 10b, the uppermost sheet S, is shifted from
the condition S, , to a condition S,,. When a distance
between the point 10c on the abutment member 10a and a
point 10e on the abutmgnt member 10 is L, and a changed
amount from the point 10c to a point 10d on the
abutment member 10b (corresponding to the point 10c) in
the vertical direction 68 is T, a relafion T = L(1 -

cosa) is obtained. On the other hand, force components
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F,, F,, of the shifting force F, acting on the second,
third and other sheets S,, S,, - serve to urge the tip
ends of the sheets S, and the like against the surface
of the sheet stacking plate 4.

Regafding the tip ends of the uppermost sheet S,
and the second sheet S, and the like, the tip end of the
uppermost sheet S, is separated from the tip end of the
second sheet S, (urged against the sheet stacking plate
4) by the amount T. This seéaration is referred to as
"first separating action”.

The first separating action gives the following
excellent advantages. The first advantage will now be
described. It is assumed that the abutment member 10

is fixed at the position 10b along the vertical

direction 68 and the tip end of the sheet S, starts to

be slid (from the condition S,,) on the abutment member
10 when the abutment member is.flexed from the position
10b by the inclination angle B. In this case, the
inclination angle (of the abutment member) that the tip
end of the sheet S, starts to be slid (from the
condition S,_,) on the abuément member when the abutment
member 10 is flexed from the.position 10a becomes (B -
y), which is smaller than the inclination angle B when
the abutment member is flexed from the.position 10b.
When the uppermost sheet S, starts to be slid on the
abutment member 10 at the value (B - Y), since the

inclination angles of portions of the abutment member



10

15

20

25

- 27 -

against which the second, third and other sheets S,, S,,
- are urged are smaller than the value (B - y), the
second, third and other sheets S,, S;, — does not slide
on the abutment member.

Further, the second, third and other sheets S,, S,,
- are urged against the abutment member 10 with the
shifting force F, smaller than the shifting force F, for
the uppermost sheet S,. While the abutment member 10 is
being flexed by the inclination angle a by the shifting
force F, of the first sheet S,, since the force
components F,, F,, act on the secdnd, third and other
sheets S,, S,, ~ to prevent the first separating action
of the second, third and other sheets S,, S;, —, it is
possibie to prevent the second, third and other sheets
S,, S8;, from being separated together with the first
sheet S,;, thereby surely preventing the double-feed of
sheets.

The first éeparating action is particularly
effective to a thin sheet having weak resiliency (for
example, a sheet having a thickness of about 0.065 mm).
Although the magnitude of the angle a generating the
first separating action is varied with a length L, of
the abutment member 10, the bending elastic module of
material of the abutment member 10 and the iike, it was
found, from the result of tests, that the angle a is
preferably 5 to 35 .

Next, the second advantage of the first separating
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action will be described. After the supplying of the
first sheet S, is completed, when the sheet stacking
plate 4 is lowered to separate the sheets from the
sheet supply rollers, since a force of the abutment
member 10 acting on the second, third and other sheets
S;, S;, = to return the sheets S to the set poéition of
Fig. 5 is stronger at the position 10a (near the sheet-
supply rollers 9) than at the position 10b, the second,
third and other sheets S,, S,, ~ can surely be returned
by the abutment member 10.

In Fig. 7, the abutment member 10 is flexed from
the position 10a by an inclination angle of (A, + A;) by
a force F, (= F, CosAi) of the uppermost sheet S;,. At
this bﬁint, the tip of the sheet S, and the tip end of
the abutment member 10 are elastically balanced with
each other at a point 69 and the sheet S, is stopped.

When the force of the sheet S; urging the abutment
member 10 is F,, a coefficient of friction bétween the
tip end of the.éheet S, and the abutment member 10 is
B,, and an angle between a tangential line 70 of the
sheet S, at the point 69 and a tangential line 71 of the

abutment member 10 at the point 69 is 6°,

F, = F, cose’
F, = F, sine’
Fs = p4 F3 Sine° """ (1)

and, accordingly,

" (F, - Fg) > 0
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REPLACED

F; (1 - p, tang” ) > O

8" > tan™? 1/p, - (2)
Thus, the sheetls1 starts to be slid on the abutment
member 10 at the above-identified angle e .

When an angle between a line 73 perpendicular to
the sheet supplying direction and passing through the
point 69 and a line 74 perpendicular to the tangential
line 70 at the point 69 is A, [rad], the sheet.S1 is
flexed under the following condition:

A, = Fy L2 K, e (3)
Ki = 1/2 x E; x I, = o= (3)'
where, |
K, = elasticity of sheet S,,
A, = slope or deflection of sheet S, [rad],
L, = deflection length of sheet S,,
E, = Young's modulus of sheet S,,
I, = geometrical moment of inertia of sheet
S, .
And, due to the above balance, the following relation
is established:
F' = F, = Fy cosA1° ------ (4)
(where, A; = A, x 180° /n).

Further, when an angle between the line 73 and the
tangentiai line 71 is A, [rad], the abutment member 10
is flexed under the following condition:

A,

n

F, LZK, e (5)

'K2=1/2xE2x12xn ...... (5a)
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K, = elasticity of abutment mémber 10,
A, = slope or deflection of abutment member 10
[rad],
L, = deflection length of abutment member 10,
" E, = Young's modulus of abutment member 10,
I, = geometrical moment of inertia of abutment
member 10,
n = number of abutment members 10 (in this
example, n=2).
And, due to the above balance, the following relation
is established:
F, = F, cosA, s (6)
(whére, A2° = A, X 180° /n).
On the oth_er hand, from the above relations (1),
(4), (6), the force F, in the balanced condition is
determined by the following equation (8) -on thé basis
of a relation F, sin8 = F, cosA, = F, cosA, :

F, = Fy cosA, /sin® = F, cosA, /sine’

Accordingly, when the shifting force greater than
the force F, determined by the equation (8) is applied
from the sheet supply roller 9 to thé sheet S,, the tip
end of the sheet S, rides over the tip end of the
abutment member 10 and is completely separated from:the

second, third and other sheets S,, S;, . This

‘separating operation is referred to as "second
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separating action".

From the above relation (2), since the angle 8°
depends upon only thé coefficient p, of friction, the
following relation (9) can be derived from the above
relation (5):

A" + A, =90 -8 = constant w (9)

The value of the elasticity K, of the sheet S,
included in the above reiation (3) is varied with the
kind of sheet S. For example, when elasticity of a
thin sheet having a thickness of 0.065 mm is K, , and
elasticity 6f a post card or an envelope is K;,, it was
found that the follbwing re;ation (10) is obtained:

K, /K., =13 e (10)

IA case of the thin éheet, regarding the angle ©
effecting the second separating action on the basis of
the above relation (9), A, » A, . That is to say, in
the separation of the thin sheef, the slope of the
sheet itself greatly contributes to the separation.

On the other hand, regarding the thick sheet such
as a post card, A; 2 A;. That is to say, the slope of
the abutment member 10 greatly contributes to the
separation. When the separating action is effected, in
order to prevent the double-feed of the second, third
and other sheets, it is necessary to réduce the value

of Aq° in the above equation (9) as much as possible.

'Although the value A; in the above relation (3) is

greatly varied with the value K,, since the value of the
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deflection length L, of the sheet S; is varied under
square (second power), by appropriately selecting the
value L,, the influence of the above relation (10) upon
the slope A, can be reduced.

When the deflection length L, is increased, since
the slope A, is increased, the thick sheet can eésily be
separated, but, regarding the thin sheets, the'second,
third and other sheets may also be flexed to cause the
double-feed of.sheets. To the contrary, when the
deflection length L, is decreased, since the slope A, is
decreased, the thin sheet can easiiy be separated, but,
the thick sheet is hard to be flexed, with the result
that the slope A, of the abutment member 10 is increased
to cauée the double-feed of the second, third and other
sheets. From the above, it was found, when the- |
elasticity K, is included within the range of the above
relation (10), that the good second separating action
can be obtained by setting the deflection length L, to
15 - 25 mm.

In Fig. 6, the tip end of the sheet S, which passed
through the tip end of the abutment member 10 is
directed upwardly by the inclined surface 1lla of the
guide member 11 to be lifted toward a top 11b of the
guide member. Then, the tip end of the sheet is
shifted toward the nip between the convey roller 13 and
the first pinch rollers 16.

Nexf, the correction of skew-feed of the separated
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sheet will be explained.

In Fig. 9, when the tip end of the separated sheet
passes by the photo-sensor PH, the latter emits a
signal. In response to this signal, under the control
of the controller 34 of Fig. 2, the motor M is rotated
by the number P, of pulses corresponding to a distance
of (L; + a) (a = margin = 2 - 5 mm) and then is stopped
temporarily. The tip end of the sheet S, is urged
against the nip 77 between the reversely rotating
convey roller 13 (in the direction 49b) and the first
pinch rollers 16 by the sheet supply rollers 9 driven
by the number P, of pulses of the motor, thereby
stopping the tip end of the sheet S,.

In the condition that the tip end of the sheet S,
is stopped, if the sheet supply rollers 9 are still

being rotated, the sheet supply rollers 9 are rotated

‘while slipping on the sheet S,.

If the sheet S, is skew-fed, although one of the
corners of the tip end of the sheet is firstly
contacted with the nip 77 and is stopped there, since
the other corner of the tip end of the sheet is still
moved, the sheet is turned around the contacted one
corner (of the tip end thereof). As a result, the
whole length of the tip end of the sheet is aligned
with the nip 77, thereby correcting the skew-feed of
the sheet.

After the motor is rotated by the number P, of
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pulses, the motor M is rotated in the normal direction
shown by the arrow 47a by the number P, of pulses
corresponding to a convey distance L, effected by the
convey roller 13 (from the condition of Fig. 4 to the
condition of Fig. 3). The sheet supply rollers 9 are
further rotated'by the number P; of pulses of the motor
M, thereby penetrating the tip end of the sheet S, into
the nip 77. The penetrated tip end of the sheet S, is
conveyed by the distance L, by rotating the convey
roller 13 in the direction opposite to the direction
49b.

Next, a correction means for correcting poor sheet
supply and poor registration of sheet with respect to a
recording position will be explained with reference to
Figs. 9 and 24. Fig. 24 is a flow chart showing the
operation of the sheet supply apparatus. In Fig. 24, a
circled symbol + (plus) iﬁdicates the normal rotation
(to the direction 47a) of the motor M, and a circled
symbol - (minus) indicates the reverse rotation (to the
direction 47b) of the motor M. Incidentally, the motor
M (Fig. 1) acting as the drive motor for the sheet
supply rollers 9 and the convey roller 13 comprises a
pulsé drive motor.

In Figs. 9 énd 24, in various steps, the numbers
of pulsgs applied to the motor M are as follows:

P, = number of pulses required for revolve the

second pianetary gear 61 by an angle A;:
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P, = number of pulses corresponding to an angle A:
through which the non-toothed portion of thelgear 57 is
rotated from the position where it is opposed to the
first planetary gear 53 to the position where it .is
opposed to the second planetary gear 61;

P, = number of pulses corresponding to the rotation
of the sheet supply roller 9 by a distance (L, + a) (a =
2 - 5 mm);

P, = number of pulses corresponding to the rotation
of the sheet supply roller 9 by a distance (L; + a) (a =
2 - 5 mm);

P, = number of pulses corresponding to the rotatidn
of the convey roller 13 by a distance L;; and

P = number of pulses corresponding to a convey
distance through which the sheet is conveyed by the
convey roller by an amount corresponding to twice of
longitudinal length of the maximum available sheet.

Now, the operating'sequence for the motor M will
be explained with reference to Fig. 24. The motor M
rotéted at the "start" is stopped.at the same time when
the second planetary gear 61 is engaged by the gear 57
(step Sl).' Then, in a loop between a step S2 and a
step S5, the motor M is rotated in the reverse
direction until a count value T of a counter in a step
S3 reaches a value P,. During the reverse rotation of
the motor M, when the photo-sensor PH is turned ON in a

step S4, in a step S6, the count value T is checked.
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In the step S6, if T < P,, the sequence goes to a
step S7, where the tip end of the sheet Sl_is urged
against the nip between the reversely rotating convey
roller 13 and the first pinch rollers 16, thereby
correcting the skew-feed 6f the sheet S,. Then, in a
step S8, the motor M is rofated in the normal direction
to convey the tip end of the sheet S, to the
predetermined recording position L,. Thereafter, the
image is recorded on the sheet S, by the recording
operation'which will be described later.

On the other hand, in the step S6, if T > P,, even
when the operation of the step S7 is effected, the tip
end of the sheet S, does not often reach the nip 77.
That is to say, when P, = (P, + P,), if T > P,, since the
non-toothed portion 57a of the gear 57 is opposed to
the second planetary gear 61 as shown in Fig. 4 during
the rotation of the motor M'by'thé number P, of pulses,
thé sheet supply rollers 9 are stopped so that the
sheet supply rollers 9 cannof convey the sheet by an
amount smaller than the number'P, of pulses. Such a
phenomenon will occur when the sheet supplying force of
the sheet éupply rollers is reduced due to the low
coefficient of friction of the sheet so that the sheet
supply rollers convey the sheet while slipping on the
sheet.

In the step S6, if it is judged to T > P,, after

the tip-énd of the sheet is penetrated'into the nip 77
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between the cdnvey roller 13 and the first pinch
rollers 16 by effecting the steps S9 and S10, in a step
S11, when the convéy roller is rotated in the reverse
direction by the number P, of pulses, the sheet S, is
returned toward the sheet supply rollers and the tip
end of the sheet S, is trapped in the proximity of the
nip 77. After the step Sll1l is effected, the step S1 is
immediately effected. In this case, since the photo-
sensor PH was already turned ON by the sheet S,, the
sequence goes from the step S5 to the step S6. And, in
the step S6, since T < P,, the séquence goes to the step
S7 and then goes to the step S8. Then, the normal
recording operation is effected.

Even when T = P, in the step S5, if the photo-
sensor is not turned ON in the step S4, the sequence
goes to a step S12, where the motor M is rotated in the
normal direction by an amount corresponding to (P; +
P,), and, then, in a step S13, it is judged whether the
photo-sensor PH is turned ON. In the step S13, if the
photo-sensor is not turned ON, it is judged that the
sheet is jammed at an upstream side of the photo-sensor
PH, and thé control mode is changed to a sheet supply
error mode.

The contfoller 34 displays the sheet supply error
by using an LED display means or liquid crystal display
means provided -on the operation electric substrate 33

of Fig. 2 and informs the operator of the error by a
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buzzer or an alarm. The operator can retract the sheet
on the sheet stacking plate 4 on the basis of the error
display, and ascertain whether the tip end(s) of the
sheet(s) is bent or folded. After the sheet are
correctly rested on the sheet stacking plate 4 again,
the sheet supplying operation is re-started.

In the step S13, if the photo-sensor PH is turned
ON, it is judged that the tip end of the sheet S, is
positioned at a downstream side of the photo-sensor PH.
Then, in a step S14, the sheet is discharged completely.
out of the recording apparatus by conveying the sheet
by an amount corresponding to the number P, of pulses.
Then, in a step S15, it is judged whether the sheet is
present or absent. If the photo-sensor PH is not
turned ON in the step S15, it is judged that the sheet
is completely discharged for preparation for the next
sheet supply.

To the contrary, in the step S15, if the photo-
sensor is tufned ON, it is judged that'the sheet is
jammed at a downstream side of the photo-sensor PH not
to be discharged by the rotation of the convey roller,
and the cohtrol mode is changed to the sheet supply
error mode. The operator can retract the sheet on the
sheet stacking plate 4 on the basis of the error
display, and ascertain whether the tip end(s) of the
sheet(s) is bent or folded. After the sheet are

correctlj rested on the sheet stacking plate 4 again,
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the sheet supplying operation is re-started.

Next, the conveyance of the sheet S, after the
correction of the skew-feed will be explained.

On the basis of the total number P, of pulses of
the motor M and in response to the signal from the
photo-sensor PH, tﬁe controller 34 rotates the output
gear 47 of the motor M (Fig. 1) in the direction 47a.
In Fig. 10, the convey roller 13 is rotated in the
direction 49a by the rotation of the gear 47. On the
other haﬁd, since the carrier 55 is rotated around the
shaft 50 in the direction 50a, the small planetary gear
53b'of the first planetary gear 53 is immediately
engaged by the gear 57. Due to this engagement, the
sheet supply rollers 9 are rotated in the sheet
supplying direction to penetrate the tip end of the
sheet S, into the nip 77 between the convey roller 13
and the first pinch rollers 16. The penetrated tip end
of the sheet S, is passed through the nip 77 by the
rotation of the convey roller 13.

Since the sheet supply rollers 9 are rotated while
urging the sheets S until the sheet S, is passed through
the nip 77; as already explained in connection with
Fig. 7, the shifting force F, smaller than the shifting
force F, acts on the second, third and other sheets S,,
S;, . Regarding the inclination angle of the abutment
member 10 caused by the shifting force F,, since the

angle 6° included in the above relation (2) at a point
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that the second sheet S, is contacted with the abutment
member 10 satisfies the following relation'(ll), the
tip ends of the second, third and other sheets S,, S,
do not slide_on the surface of the abutment member;
with the result that the tip ends of the shéets do not
ride over the tip end of the abutment member:
8 = tan? 1/y, = e (11)

The gear 57, drive cams 7 and sheet supply rollers
9 are arranged on the shaft 8 in a predetermined fixed
phase relation. Further, each d;ive cam 7 has a drive
1ift surface 7a, a maximum lift surface 7b, the stop
position lift surface 7d having lift smaller than that
of fheﬂmaximum 1ift surface 7b, and an inclined sufface
7c connecting betwéen the maximum 1lift surface 7b and
the stop position 1lift surface 7d4d.

Due to the rotation of the small planetary gear

53b of the first planetary gear 53, the drive cams 7

"are rotated in the direction 8a via the gear 57 and the

shaft 8. During the rotation of the cams, the drive
lift surfaces 7a of the cams are contacted with the
left and right cam follower portions 4b of the sheet
stacking piate 4 so that the sheet stacking plate 4 is
rocked around the shaft 4a in opposition to the spring

forces of the springs 5, by the rotation of the drive

- cams 7.

When the sheet stacking plate 4 is lowered, since

the uppef surface of the sheet stack S rested on the
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sheet stacking plate is eeparated from the sheet supply
rollers 9, the second, third and other sheets S,, S,
can easily be moved in the direction opposite to the
sheet supplying direction, and, thus, the second, third
and other sheets S,, S,, — are moved in the direction
opposite to the sheet supplying directionlby the
restoring force of the abutment members 10 and, at the
same time, are lowered in synchronous with the lowering
movement of the sheet stacking plate 4. After the
sheets are lowered in this way, since the sheets do not
exist on the flexible portion of the abutment members
10, the abutmeht members 10 can be returned to the
initial non-flexed condition. In this way, the load is
removed from the abutment members 10.

In a condition (Fig. 11) that the upper surface of
the sheet stack rested on the sheet stacking plate is
separated from the sheet supplf rollers, the sheet S, is
prevented for depending down from the predetermined
position by providing the top 1lb of the guide member
11. Thet is to say, the position of the top 1llb and
the position of the tip end of the abutment member 10

are selected so that a predetermined gap 78 is created

-between the lower surface of the regulated sheet S, and

the tip end of the abutment member 10. By providing
such a gap 78, while the abutment member is being
restored to its non-flexed condition, since the tip end

of the abutment member 10 does not interface with the
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sheet S,, the restoring movement of the abutment member
can surely be achieved. Further, by providing the gap
78, since the sheet S, does not contact with the tip end
of the abutment member 10, the occurrence of noise can
be prevented.

Incidentally, in ‘the sheet supply roller 9 having
the large diameter portion and the small diameter
poftion, the sheets are fed out by contacting the large
diameter portion made of high friction material such as
rubber with the sheet stack_and by rotating the roller,
ahd, after the sheets are fed out, the small diameter
portion is opposed to the sheet stack. Since the small
diameter portion has a protruded flange 9a made of low
friction material and the high friction surface is
retarded, after.the convey roller 13 starts to convey
the sheet fed out by the sheet supply rolle:s, when the
small diameter portion is opposed to the sheet stack,
the flexed amount of the sheets reduced by an amount
corresponding to the difference in radius between the
large diameter portion and the small diameter portion,
and, at the same time, éhe flange 9a is contacted with
upper surface of the sheet being conveyed, thereby

guiding the conveyance of the sheet while preventing

‘the sheet from floating. In this case, since the

flange 9a is made of low friction material, the
resistance to the conveyance of the sheet is reduced,

and, thus, the fluctuation in load acting on the motor
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(drive source) 13 for the convey roller 13 is also
reduced, thereby improving the conveying accuracy of
the convey roller 13.

In Figs. 11 and 12, at the same time when the
maximum lift portion 7b of the drive cam 7 passes
through an abutment portion 46a of the cam follower 4b,
since the non-toothed portion 57a of the gear 57
reaches the small planetary gear 53b of the first
planetary gear 53, the transmission of the driving
force from the small planetary gear 53b is interrupted,
thereby stopping the gear 57 and the sheet Supply
rollers 9.

Ipmediately after the gear 57 is stopped, the
inclined surface 7¢ of the drive cam 7 is urged by the
abutment portion 46a of the fpllower portion 4b under
the action of the force F,; of the spring 5, the
inclined surface 7c is subjected to a force component
F;,, with the result that the drive cam 7 and the gear
57 are slightly rotated in the direction 8a. When the
abutment portion 46a slides on the inclined surface 7c
to reach the étop position lift surface 7d of the drive
cam 7, the rotation of the drive cam 7 ié stopped.

Incidentally, the lift surface 7d of the drive cam
7 and the abutment portion 46a of the cam follower
portion 4b have semi-circular shapes having
substantially the same radii so that, when they are

fitted to each other, thé cam is stopped. In this
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case,-the force (spring force of the spring 5) acting
on the driVe cam 7 from the follower portion 4b is
directed toward the axis of the shaft 8 so that the cam
can surely be stopped by the friction between the lift
surface 7d and the abutment portion 46a.

In Fig. 12, the abutment portion is engaged by the
stop pésition lift surface 7d, the phase of the non-~
toothed portion 57a of the gear 57 is slightly advanced
from a position where the small planetary gear 53b of
the first planetary gear 53 is not engaged with the
non-toothed portion 57a. By advancing the phase of the
notched gear 57 by the predetermined amount in this
way, since the teeth of the gear 57 near the non-
toothed portion 57a are completely refarded from the
position where the teeth is engaged by the teeth of the
small planetary gear 53b, when the sméll‘planetary gear
53b is idly rotated, the teeth of the small planetary
gear do not interface with the tgeth of the gear 57,
thereby préventing the occurrence of the noise.
Incidentally, the fitting relation between the driQe
cam 7 and the cam follower portion may be reversed.
That is to say, the drive cam may had a convex stop
position lift surface and the cam follower portion 4b
may has a concave configuration.

In Fig. 12, when the motor M is rotated by the
amount correspopding to the number P, of pulses, the tip

end of the sheet S, is conveyed by the convey roller 13
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up to the position advanced from the nip 77 by the
distance L,. The distance Ly is set by the controller
34 so that the recording position of the leading nozzle
of the ink discharge portion 27a of the recording head
27 is spaced apart from the tip end of the sheet S, by a
predetermined distance L,. The operator can input the
value of the distance L, (for example, 1.5 mm or 3 mm)
into the controller 34 of the printer through a
computer‘cohnected to the printer.

While the tip end of the shéet S, is being conveyed
to the position L; by the.sheet sﬁpply rollers 9 and the
convey roller 13, the abutment portion 46a of the cam
follower portion 4b must be engaged by the stop
position lift surface 74 of the drive cam 7. 1In Fig.
12, if the distance L, is set to a smaller value not to
ensure the engagement between the lift surface 7d and
the abutment portion 46a, the sheet is firstly advanced
by the distance L, set to the greater value, and then
the sheet is returned by the reverse rotation of the
convey roller 13 by a predetermined distance L,, (L, >
L,;), and then the sheet is advanced again by the normal
rotation of the convey roller 13 (to the direction 49a)
by the record position length L,,.

As mentioned above, in the abd&e operation, since
the length L, is set to the constant value and the
record position length L,, can be_freely changed, the

engagement between the 1lift surface 7d of the drive cam
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and the abutment portion 46a of the cam follower
portion 4b is ensured. Further, since the sheet is
advanced by the distance L;, after the sheet was
returned by the distance L,;, the backlash in the gear
train for transmitting the rotation of the motor M to
the convey roller 13 becomes zero, with the result that.
the conveying accuracy of the convey roller for
conveying the sheet to the record position L,, is
improved.

In Figs. 1 and 12, while the carriage 26 is being
reciprocally shifted in the main scan direction above
the sheet S; conveyed to 1:h_e~ record position, the ink is
discharged from the discharge portion 27a of the
recording head'27 under the control of the controller
34, thereby recording the predetermined image on the
sheet S,. After one-line recording is'finished, the
controller 34 controls the motér M to convey the sheet
by a predetermined amount corresponding to one line in
the sub scan direction.

By repeating the above operations, the characters
and/or image are formed on the whole recording area of
the sheet S, by the recording head 27.

. When the sheet S, is shifted by the convey roller
13 in the sub scan direction, although the sheet S, is

conveyed with a slightly curved configuration by

regulating fhg_sheet by the flange portions 9a of the

sheet supply rollers 9 and the top 11b of the guide
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member 11, since the sliding resistanée between the
guide member 11 and the sheet S, is small, the load
acting on the convey roller 13 is very small. When
such a ioad is very small, the fluctuation in load’
acting on the motor M becomes smaller, and, thus, the
conveying ability of the convey roller 13 is improved,
thereby improving the recording ability of the
recording head 27 to obtain the good image.

In Figs. 1, 2 and 12, when the rear end of the
sheet S, is detected by the photo-sensor PH, the
controller 34 estimates a length L, between the
detecting poéition 6f the photo-sensor PH and the
trailing nozzle of the ink discharge portion 27a.
After-£he recording on the sheet is effected by the
recording head.27 within the length L,, the convey
roller 13 and the discharge rollers 20 are continuously
rotated by a predetermined amount to discharge the
sheet S; through the discharge opening 1lb (Fig. 2).

After the discharge rollers 20 are continuously
rotated by the predetermined amount, when the
controller 34 receives the command from the computer
connected to the printer, the conveyance of a sheet S
(which will be described hereinbelow) is effected.

Geometrical moment of inertia Ia of a wide sheet
Sa (Fig. 1) is determined by the following equation
(12):

"Ia = b, h¥/12 = e (12)
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where, b, is a width of the sheet Sa and h is a
thickness of the sheet Sa.

On the other hand, geometrical moment of inertia

Ib of a sheet Sb having the same thickness and material

as those of the sheet Sa but has a width smaller than
thaf of the sheets Sa (for example, 1/2 of the width of
the sheet Sa) is determined by the following equation
(13):

Ib = b, h3/12 = b, h*/2x12 = Ia/2 - (13)
where, b, is a width of the sheet Sb (= b,/2) and h is a
thickness of the sheet Sb.

Regarding the above equationé (3) and (3'), in
considgration of I, = Ia, I, = Ib and the eQuation (13),
a relation between slope Aa of the sheet Sa and slope
Ab of the sheet Sb becomes as follows:

2ha = Fy L2 K, = e (14)

Ab

i.e., Aa = (Fg/2) L, K,
That is to say, in order to obtain a relation Aa = Ab,
the force F, for flexing the sheet Sb by the abutment
members 10 may be changed té F, x (1/2).

On the other hand, from the above equations (5)
and (5a), the following relation (15) can be derived:

F,=A, x2xE, x I, x n/LZ ' (15)

Thus, by reducing the value of "n" (number of the
abutment members cooperating with the sheet) in the
above equation {15) from 2 to 1, the force F, for

flexing the sheet Sb can be reduced to 1/2.
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In the illustrated embodiment, while an example
that two abutment members are used was explained, when
it is desired that various kinds of sheets are t:eated,
by increasing the number of the abutment members

cooperating with the sheet in proportion to the kinds

of sheets, whehever the size of the sheet is changed,

the number of the abutment members cooperating with
such sheet is changed to establish the relations (13),
(14) and (15), with the result that, since the slope A,
of the sheet is not so changed greatly by the
difference in size of the sheet, thereb§ ensuring'the
positive second separating aétion,

Next, the shape of the abutment member 10 will be
explained with reference to Figs. 13 to 16. Fig. 13 is a
perspective view showing a condition that the sheet S .
is urged against rectangular abutment members 10.

In Figs. 13 and 14, when the moving sheet S is
urged against the abutment member 10 which is attached
to the guide member for flexing movement around a base
line 10e and the abutment member is flexed around the
base line 10e, a portion Sc of the tip end of the sheet
urged agaihst a central portion of the abutment member

10 is deflected downwardly as shown. When the tip end

- portion Sc of the sheet is deflected downwardly, the

great noise will be generated when the tip end of the
sheet rides over the abutment member 10. Further,

particularly under the high humidity environment, the
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deflected tip end portion Sc of the sheet is folded or
bent downwardly so that the tip end portibn Sc cannot
ride over the abutment member, thereby causing the poor
sheet separation.

The reason why the tip end portion Sc of the sheet
S is deflectedldownwardly is that a reaction force
(generated when the abutment member is flexed by the
sheet S) is greater at a central portion 10f (reaction
force F,;) than at end portions 10g (reaction force F,,).

Fig. 15 shows the shape of the abutment member for
preventing the tip end portion Sc of the sheet from
deflecting downwardly. In this example, a V-shaped
notch is formed in the central portion of the abutment
member 10 against which the tip end portion Sc is
urged. In this abutment member having the V-shaped
notch, when the sheet S is urged against the abutment
member 10, since the tip end ‘portion Sc of the sheet S
is not subjected to the reaction force F,; in Fig. 13,
the tip end portion Sc is not deflected downwardly.

On the other hand, the force F, of Fig. 7 (sliding
force of the sheet on the abutment member) and a force
F,s of component of the force F, act on each of points
10i where the tip end of the sheet § is contacted with
the inclined edges of V of the notch.

When an angle of V of the notch is 2A, , the force
component F,g ig determined by the following equation:

’ F15 = 4/GOSA5° ...... (16)
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Under the action of the force component F,;, the tip end
of the sheet S is shifted upwardly in a direction of
the force F,; while sliding along the inclined lines 10h
of the abutment member 10. Since the tip end of the
sheet S is shifted upwardly in the direction of the
force F,;, the tip end portion Sc of the sheet is
prevented from deflecting downwardly. Further, while
the tip end of the sheet S is being shifted upwardly
along the inclined lines 10h of the V-shaped notch, the
third separating action is effected, thereby still
improving the sheet separating ability.

The third separating action is particularly
effective to thin sheets. If the angle A,” of V of the
notch is decreased, as is apparent from the above
equation (16), the force component F,; is reduced to

intensify the third separating action, thereby

-improving the separating ability. However, the tip end

portion Sc of the sheet is apt to be deflected
downwardly. On the other hand, if the angle A;’ is
increased, as is apparent from the above equation (16),
the force component F,; is increased to weaken the third
separating action, with the result that the secgpd,
third and other sheets are apt to be shifted upwardlj,
thereby causing the double;feed of sheets. According
to the tests, it was found that the angle A;' is
preferably 55iﬁ:75°; Incidentally, in place of the V-

shaped notch, a U-shaped notch may be formed in the



10

15

20

25

- 52 -

abutment member.

In Fig. 15, the cross-sectional area of the
abutment member (for example, at a section line 80) is
decreased as the section line goes upwardly, and, thus,
the geometrical moment of inertia of the abutment
member is greatly decreased as the section line goes
upwardly. Since the cross-sectional area of the
abutment member is decreased as the section line goes
upwardiy, in comparison with the elasticity K, of the
solid abutment member in the above equation (5) (i.e.,
A, = F, L;? K,), the elasticity K', of the V-shaped
abutment member is increased as the section line goes
upward;y, and, thus, the slope A', at the tip end of the
V-shaped abutment member becomes greater than the above
value A,. If fhe slope A', is great, the second, third
and other sheets are apt to be slid, thereby worsening
the third separating action.

Next, a shape of the abutment member for solving
the problem caused by the V-shape of Fig. 15 will be
explained with reference to Fig. 16.

When a width of the abutment member at its top is
L, and a width of the abutment member along the base
line 10e is LQ, by providing the shape of the abutment
member having a relation L, > L,,, the reduction ratio
of the cross-sectional area of the abutment member (at
the section line 80) can be decreased as the section

line goes upwardly, with the result that the slope A’,
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at the tip end of the abutment member can approach the
above value A,. Since the width L, is decreased as the
section line goes toward the base line 10e, when the
second, third and other sheets are shifted downwardly,
resistance force F,, for resisting against the downward
movement of thelsheet S at points 10j are reduced,
thefeby facilitating the movement of the sheets.

In order to decrease the geometrical moment of
inertia at the base line 10e, a plurality of holes 81
each having a width of L,; are formed in the abutment
member on the base line 10e, thereby decreasing the
cross-sectional area of the abutment member along the
base iine 10e. Incidentally, in place of the holes 81,
notchés may be used or combination of holes and notches
may be used. When the abutment member is easily flexed
along the base line 10e, the abrupt increase in the
slope of the tip end of the abutment member is
suppressed, thereby  further improving the second
separating action.

Further, when the widths L,, L,, and a thickness t
of the abutment member are constant, by
increasing/decreasing the widths L,, of the holes 81 or
by increasing/decreasing the number of holes 81, the
reaction forces of Fig. 13 can be adjusted in
accofdance with the flexibility of a sheet to be used.
Incidentally, so long as the width is L,,, the shape of

the holes may be circle of triangle, as well as
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rectangle. Even when the holes are formed in the solid
abutment member as shown in Fig. 14, the same technical
advantage can be obtained.

In Fig. 16, the inclined lines 10h of the V-shaped
notch having the inclined angle A;’ are connected to
additional inclined lines 10k each having an inclined
angle A,’ smaller the A, at positions spaced apart
downwardly from the top edge of the abutment member by
a émall distance L,,. In this case, since the sheet S
is subjected to the separating action at the inclined
lines 10k stronger than the separating action at the
inclined lines 10h, the third separating action is
further improved in comparison with thg v-shaped
abutme&t member of Fig. 15.

Incidentally, according to tests, it was found
that the godd_result is obtained when the length L,; is
set to 1.5 - 3 mm, the angle A, is set to 50 - 75 and
the angle Ah° is set to 0 - 40°. Further, the resin
film from which the abutment member.is formed is’

preferably made of material having high heat-

. deformation temperature, low humidity absorbing rate

and high anfi-folding ability, such as polycarbonate or
polyimide. .The-thickness of the abutment member may-be
set to 0.07 - 0.3 mm.
(Second Embodiment)

Figs. 17 and 18 show a second embodiment of the

present invention, where Fig. 17 is a schematic
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perspective view of a printer to which the second
embodiment is applied and Fig. 18 is a sectional view
of the printer. 1In Figs. 17 and 18, the same
contructural and functional elements aslthose shown in
Figs. 1 and 2 are designated by the same reference
numerals and detailed explanation thereof will be
omitted.

The second embodiment differs from the first
embodiment in the points that a sheet stacking plate 82
is fixedly mounted on the side plates 3 and sheet
supply rollers 86 mounted on a shaft 85 rotatably
supported by an arm member 84 pivotable around a shaft
83 can be rocked around the shaft 83. Now, such
diffefénce are fully explained.

In Figs. 17 and 18, the gear 57 having the non-
toothed portion 57a, a cam member 87 and a gear_88 are
secured to the shaft 8. A gear 89 and a gear 90 are
secured to fhe shaft 83 rotatably supported by the side
plates 3, and the gear 89 is meshed with the gear 88.
The arm member 84 having a plurality of arm elements
and a lateral tray member 84a connecting the arm
elements is rotatably mounted on the shaft 83.

The shaft 85 is rotatably supported by a free end
portion of the arm member 84, and the sheet supply
rollers 86 made of rubber and a gear 91 are secured to
the shaft 85. .The gear 91 is always meshed with the

gear 90. Since a diameter of each of fhe sheet supply
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rollers 86 is smaller than that of the sheet supply
roller 9 in the first émbodiment, the sheet conveying -
amount obtained by 6ne revolution of the gear 57 is
smaller than that in the first embodiment. Thus, by
increasing the number of teeth of the gear 90 greater
than that of the gear 91, the rotational amount of the-
sheet supply rollers 86 is increased.

The arm membe; 84 is biased to rotate around the
shaft 83 toward a clockwise direction by a spring
member 92 having one end connected to a spring holder
28b and the other end connected to the lateral stay
member 84a. Thus, when a cam follower portion 84b
providgd on the arm member is disengaged from thé cam
member 87, the sheet supply rollers 86 (Fig. 18) is
urgéd against an upper surface of the sheet stacking
plate 82 as shown by the two-dot and chain line.

Next, the sheet supplying.operation and the
recording operation according to the second embodimentl
will be explained with reference to Figs. 17, 18 and
19 to 23. Figs. 19 to 23 are sectional views showing main
elements of Fig. 17 for supplying the sheet, and the
same elements as those shown in Fig. 17 are designated
by the same reference numerals.

In Figs. 18 and 19, when the powé¥ sourée of the
printer is turned ON, in response to initialization
command from thg controller 34, the motor M of Fig. 17

is rotated in the direction 47a (i.e., the convey
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roller 13 is rotated to convey the sﬁeet in the sub
scan direction toward the discharge opening 16) by a
predetefmined amount. As a result, the small planetary
gear 53b of the first planetary gear 53.is idly rotated
in the non-toothed portion 57a of the gear 57, the
second planetary gear 62 is idly rotated at the

position where the arm portion 63a of the carrier 63

abuts against the stopper pin 65, and a stop position

1ift surface 874 of the cam member 87 abuts against thé
follower portion 84b of the arm member 84 to rotate the
arm member 84 in an anti-clockwise direction, thereby
separating the sheet supply rollers 86 from the sheet
stacking plate 82 (condition shown in Fig. 19). In
this éondition, a plurality of sheets S are stacked on
the sheet stacking plate 82 by inserting the sheets

between the sheet stacking plate 82 and the sheet

supply rollers 86.

In Figs. 4 and 20, when the motor M is rotated in
the direction 47b by a predetermined aﬁount in response
to the sheet supply command from the controller 34, the
second planetary gear 62 is revolved from a position
where the second carrier 63 is contacted with the pin
65 to a position where the second planetary gear is
engaged by the gear 57. When the second planetary gear
62 is engaged by the gear 57, since the rotation of the
motor M in theidirection 47b is transmitted to the gear

57, the sheet supply rollers 86 are rotated in the
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sheet supplying direction via the shaft 8, gears 88, 89
shaft 83, gears 90, 91 and shaft 85.

On the other hand, the cam ﬁembér 87 is rotated by
the rotation of the shaft 8 to disengage the stop
position lift surface 764 from the follower portion
84b, wifh the result that the sheet supply rollers 86
is urged against the uppermost sheet S, on the sheet
stack rested on the sheet stacking plate, thereby
supplying the sheet S,. The supplied sheet S, abuts
against the abutment members 10, thereby flexing the
abutment members to change their inclination angle.
When the abutment members are flexed up to the second
separating angle, the sheet S, is separated from the
other sheets by the abutment members 10, and the
separated sheet rides over the tip ends of the abutment
members 10 and then is directed upwardly along the
inclined surface 1lla of the guide member 11. |

In Fig. 20, when the tip end of the separated
sheet passes by the photo-sensor PH, the latter emits a
signal. In response to this signal, under the control
of the controller 34 of Fig. 18, the motor M is rotated
in the reverse direction by the number P, of pulses
corresponding to a distance of (L,; + a) (a = margin = 2
- 5 mm) and then is stopped temporarily. The tip ‘end
of the sheet S, is urged against the nip 77 between the
reversely rotating convey roller 13 (in the direction.

49b) and the first pinch rollers 16 by the sheet supply
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rollers 86 driven by the number P, of pulses of the
motor, thereby'stopping the tip end of the sheet S;,. In
the condition that the tip end of the sheet S, is
stopped, if the sheet supply rollers 86 are still being
rotated, the sheet supply rollers 86 are rotated while
slipping on the sheet S,.

If the sheet S, is skew-fed, although one of the
corners of the tip end of the sheet is firstly
contacted with the nip 77 and is stopped there, since
the other corner of the tip end of the sheet is still
moved, the sheet is turned around the contacted one
corﬁer (of the tip end thereof). As a result, the
whole length of the tip end of the sheet is aligned
with fﬁe nip 77, thereby correcting the skew-feed of
the sheet.

After the motor is rotated by the number'ru'of
pulses, the motor M is rotated in the normal direction
shown by the arrow 47a by the number P; of pulses

corresponding to a convey distance L, effected by the

'convey roller 13. The sheet supply rollers 86 are

further rotated by the number P; of pulses of the motor
M, thereby penetrating the tip end of the sheet S; into
the nip 77. The penetrated tip end of the sheet S, is
conveyed by the distance L, by rotating the convey
roller 13 in the direction opposite to the direction
49b. -

In Figs. 20 and 24, in various steps, the numbers
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of pulses applied to the motor M are as follows:

P, = number of pulses required for revolve the
second planetary gear 61 by an. angle A;;

P, = number of pulses corrésponding to an angle Af
through which the non-toothed portion of the gear 57 is
rotated from the position ﬁhere it is opposed to the
first planetary gear 53 to the position where it is
opposed to the second planetary gear;

P, = number of pulses corresponding to the rotation
of the sheet supply roller 86 by a distance (L,; + a) (a
=2 - 5 mm);

P, = number of pulsés corresponding to the rotation
of the_sheet supply roller 86 by a distance (L,, + a) (a
=2 - 5mm); |

P, = number of pulses corresponding to the rotation
of the convey roller 13 by a distanée Ls; and

P, = number of pulses corresponding to a convey
distance through which the sheet is conveyed by the
convey roller 13 by an amount corresponding to twice of
longitudinal length of the maximum available sheet.

Since the operating sequence for the motor M
regarding Fig. 24 is the same as that in the first
embodiment explained in connection with Figs. 9 and 24,
explanation theréof'will be omitted.

The controller 34 rotates the motor M by the
number P, of pp;ses to convey the sheet by the distance

L,; and then stops the motor temporarily. Then, when
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the motor M of.Fig. 17 is rotated in the direction 47a,
in Fig. 21, since the convey roller 13 is rotated in
the direction 49a and the first carrier 55 is rotated
in the direction 50a, the small planetary gear 53b of
the first planetary gear 53 is engéged by the gear 57,
with the result that the rotational force of the motor
M is transmitted to the sheet supply rollers_86,
thereby rotating the latter. When the sheet supply
rollers 86 are rotated, since the tip end of the sheet
S, is urged against the nip 77 between the rotating
convey roller 13 (to the direction 49a) and the first
pinch rollers 16, the tip end of the sheet S, can pass
through fhe nip 77.

Since the cam member 87 is also rotated by the
rotation of the gear 57, a drive lift surface 87a of
the cam member 87 abuts against the follower portion
84b of the arm member 84. Whéﬁ the cam member 87 is
further rotated, the arm member 84 ié rotated around
the shaft 83 in the anti-clockwise direction, thereby
separating the sheet supply rollers 56 from the sheet
S,.. When the motor M is rotated in the direction 47a,
since the second carrier 63 is rotated in the direction
59a, the second planetary gear 62 is shifted away from |
the position where the second planetary gear is engaged
by the gear 47, with the result that the second
planetary'gea:iis revolved in the same di:ection 5%a.

In Fig. 22, immediately after a maximum lift
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surface 87b of the cam member 87 passes through an
abutment poértion of the follower portion 84b, since the
non-toothed portion 57a of the gear 57 reaches the
position where it is opposed to the small planetary
gear 53b of the first planetary gear 53, the
transmission of the rotational force from the small
planetary gear 53b to the gear 57 is interrupted,
thereby stopping the gear 57 and the sheet supply
rollers 86. |

Immediately after the gear 57 is stopped, an
inclined surface 87c of the cam member 87 is'urged by
the follower portion 84b under the action of the spring
92 of_Fig. 17, the cam member 87 is rotated in the
clockwise direction, thereby rotating the gear 57
slightly. Iﬁ Fig. 23, when the follower portion 84b
slides on the inclined surface 87c to reach the stop
position 1lift surface 87d of the cam member 87, the
rotation of the cam member 87 is stopped, and, thus,
the rotation of the gear 57 is stopped. When the gear
57 is rotated slightly, since the phase of the stop
position of the non-toothed portion 57a is slightly
advanced and the non-toothed portion 57a is completely
retarded from the position where it is engaged by the
small_planetary gear 53b of the first planetary gear
53, while the small planetary gear 53b is being rotated
idly, the teeth of the gears 57, 53b do not interface

with each other, thereby preventing the occurrence of
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noise and/or vibration.

In Figs. 22 and 23, when the sheet supply rollers
86 urging the sheet S, are rotated in the clockwiée
direction, the second, third and other sheets are
released from the urging force, with the result that
these sheets are returned to the set position by the
restoring force of the abutment members 10. In this
way, thé load acting on the abutment members is
removed. Since the supplying of the second, third and
other sheets is always started from the set position
aﬂd,.thus, the flexing movement of the abutment members
is always started from the set position, the same
separa;ing operation is always ensured.

In Fig. 23, when the hotor M is rotated by the
number P, of pulses corresponding to the leﬁgth Ly, the
convey roller 13 is rotated in the direction 49a to
convey the tip end of the sheet S, to the position
spaced apart from the nip 77 by the distance L,. The
distance I, is set so that the recording position of the
leading nozzle of thé ink discharge portion 27a of the
recording head 27 is spaced apart from the tip end of
the sheet S, by a predetermined distance L,.

In Figs. 17 and 23, while the carriage 26 is being
reciprocally shifted in the main scan direction above
the sheet S, conveyed to the record position, the ink is
discharged from the discharge portion 27a of the .

recording head 27 under the control of the controller
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34, thereby recording the predetermined characters
and/or image on the sheet S,. After one-line recording
is finished, the controller 34 rotates the motor M in
the direction 47 to convey the sheet by a predetermined
amount corresponding to one line. By repeating the
above operations, the characters and/or image are
formed on the whole recording area of the sheet S, by
the recording head 27.

In Figs. 17, 18 and 23, when the rear end of the
sheet S, is detected by the photo-sensor PH, the
controller 34 estimates a length L; between the
detecting position of the photo-sensor PH and the
trailing nozzle of the ink discharge portion 27a.

After the recording on the sheet is effected by the
recording head 27 within the length L;, the convey
roller 13 and the discharge rollers 20 are continuously
rotated by a bredetermined-amount to discharge fhe
sheet S, through the discharge opening lb (Fig. 18).
After the discharge rollers 20 are continuously rotated
by the predeterminéd amount, when the controller 34
receives the_command from the computer connected to the
printer, the conveyance of a next sheet S is effected.
(Third Embodiment)

Next, a third embodiment of the present invention
will be explained with reference to Figs. 25 to 27.
Since the third embodiment differs from the first

embodiment in the point that each abutment member is



10

15

20

25

- 65 ~

flexed around a plurality of lines, only such a
difference will be fully exp;ained. Furfﬁer, the same
elements as those in the first embodiment are
designated by the same referenée numerals and
explanation thereof will be omitted.

In Figs. 25 and 26, fulcrum portions l1llc, 1l1d
defined by stepped portions are formed on the surface
lla of the guide member 11, and the abutment member 10
can be flexed around the fuldrum portions 1llc, 11d.

First of all, in casé where each of the sheets
stacked on fhe sheet stacking plate 4 has low surface
frictional coefficient and low elasticity (low
resiliency), when the sheets supplied from the sheet
supply rollers 9 are urged against the abutment member
10, since the sheet has low resiliency, the abutment
member is flexed only around the fulcrum portion 1llc.
In this case, since the separating operation is the
same as that in the first embodiment, explanation
thereof will be omitted.

Now, the case where a sheet has high surface
frictional coefficient and high elasticity (high
resiliencj) will be explained with reference to Fig.
27.

In Fig. 27, when a coefficient of friction between
the sheet supply roller 9 and the uppermost sheet S, is

M, @ coefficient of friction between the uppermost

~sheet S, and a second sheet S, is y,, a coefficient of
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friction between the second sheet S, and a third sheet
S; is p; and so on, a relation between the coefficient
p;; of friction and the coefficient p, of friction is p,,
» ﬁz. Accordingiy, when the sheets S stacked on the.
sheet stacking plate 4 are urged against the sheet
supply rollers 9 with an urging force of F, by the
springs 5, the uppermost sheet S, is urged against the
abutment members 10 with a shifting force of F,; (=
Fo(ny; - H3)). On the other hand, a shifting force F,
for the second shéet, thir& sheet and so on is F,(p, -
B;). In this case, since p, * p,, the shifting force F,
is smaller than the shifting force F,,.

In Fig. 27, the abutment member 10 is flexed from
the po;ition 10a by an inclination angle of (A, + A,; +
A,,) by a force F,; (= F,; cosA,,) of the uppermost sheet
S,. At this point, the tip end of the sheet S; and the
tip end of the abutment member.10 are elastically
balanced with each other at a point 69 and the sheet S,
is stopped.

Incidentally, A, is an inclination angle of the
abutment member when the latter abuts against the
fulcrum poftion 114, and A,, is an inclination angle
changed after the abutment. In the elastically
balanced condition as mentioned above,.the lower
portion of the abutment member 10 is urged against the
fulcrum portion 11d of the guide member 11, and,

therefore} the deflection length L,; of the abutment
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member 10 becomes'shortef than the.deflection length L3
when the abutment member is flexed around the first
fulcrum portion 1llc, with the result that the elastic
force of the abutment member 10 is discontinuously
increased whénever the fulcrum portion around which the
abutment member is flexed is changed.

In Fig. 27, if there is no fulcrum portion 114 and
the abutment member 10 is flexed only around the
fulcrum portion llc, the elastic force F',; of the

abutment member 10 is defined by the following equation

(17):
F'y; = (Bg + Ap)/Li? K,
' = A/L% K, + A /L2 K, = e (17)
where, .
K, - elasticity of abutment member 10;
A, = slope of abutment member up to fulcrum

114 [rad];
A,, = slope of abutment member froﬁ fulcrum
114 [rad]}
L, = deflection length of abutment member from
fulcrum 1llec.
Thus, the tip end portioﬁ of the sheet S, is flexed by
this elastic force F',,.
On the 6ther hand, as shown in Fig. 27, when there
is the fulcrum portion 11d and the abutment member 10
is flexed around the fulcrum portion 114, the elastic

force Fn.of the abutment member 10 is defined by the
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following equation (18):

Fi, ® Aj/L? K, + A/Ly2 K, e (18)
where,

K, = elasticity of abutment member 10;

A, = slope of abutment member up to fulcrum

114 [rad]:;
A,, = slope of abutment member from fulcrum
114 [rad]:;
L, = deflection length of abutment member from
fulcrum llc;
L, = deflection length of abutmént member
from fulcrum 114d.
Thus, the tip end portion of the sheet S, is flexed by
this eiastiC'force Fiqe |
From the above equations (17) and (18), the
difference between.the elastic force F,; and the elastic
force F',; is determined by the following equation:
Fig = F'y = Ay/ I-.'132 K, - A;p/Ly* K,

= (Ap/K;) x {(Ly? = Lj3?) = (L x Iy?)d

Further, there is the following relation (20) between L,
and L,,:

L, > L | e (20)
From the above relations (19) and (20), the following
relation can be derived:

Ly =Ly = (L3 = Lyy)(Ly + L) > O

i.e., Fiy - F';350 o Fip > F'yy 0 e (21)
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Therefore, by providing the fulcrum portion 1l1d, as
shown in the above relation (21), it is possible to
increase the elastic force of the abutment member 10 so
that the sheets S having high elasticitylcan be
separated one by one.

As shown in Fig. 27, by adding an additional
fulcrum portion lle, since the deflection length L,; of
the abutment member is further -shortened to further
increase the elastic force of the abutment member, with
the result that sheet having higher elasticity can
easily be separated one by one.

By setting the position of the most downstream
fulcrum portion to a higher position, such fulcrum
portidh may act as a stopper for limiting the slope of
the abutment member 10 to a constant value by abutting
the tip end portion of the abutment member against such
fulcrum portion.

In the illustrated.embodiment, widths of the
fulcrum portions llc, 11d were set to be equal to the
width of the abutment member, the widths of the fulcrum
portions may be longer or shorter than that of the
abutment member. Further, the fulcrum members may be
provided intermittently. In addition, the fulcrum
portions may be defined by plate-shaped ribs or ridges,

as well as the steppéd portions.
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WHAT IS CLAIMED IS:

1. A sheet supply apparatus comprising:

sheet supporting means for supporting sheets:;

sheef supply means for feeding out the éheet
supported by said sheet supporting means; and |

separation means against which the sheet fed by
said sheet supply means abuts to cause elastic angular
displacement of the sheet and adapted to permit the
separation of the sheet when the sheet rides err said
separation means;

wherein said separation means is formed from a
thin plate~shaped member which includes at least an®

aperture or a notch.

2. A sheet supply apparatus according to claim
1, wherein said separation means is disposed in an
inclined manner so that, prior to the angular
displacement of the sheet, an abutment surface of said
separation means against which the sheet abuts has an
end on which the sheet is rides over and which is
disposed nearer said sheet supporting means than a
surface portion of said abutment surface perpendicular

to a sheet supplying direction.

3. A sheet supply apparatus according to claim
1, wherein said separation means is elastically

deformed in a curved fashion when the sheet abuts and
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.rides over said separation means.

4. A sheet supply apparatus according to claim
3, further comprising fulcrum means for changing a
point of the curved deformation of said separation
means in a direction the curvéd deformation of said
separation means is generated, and wherein said fulcrum
means includes a first fulcrum portion against which
said separation means firstly abuts to be deformed in
the curved fashion, and a second fulcrum portion with
which said separation means is contacted as an amount

of deformation of said separation means is increased.

‘5. A sheet supply apparatus comprising:

sheet supporting means for supporting éheets;

sheet supply means for feeding out the sheet
supported by said sheet supp;rting means; and

.separation means against which the sheet fed by
said sheet supply means abuts to cause elastic angular
displacement of the sheet and adapted to permit the
separation of the sheet when the sheet rides over said
separation means;

wherein said separation means is formed from a

thin plate-shaped member having an aperture.

6. A sheet supply apparatus according'to claim

5, wherein bending elastic modulus of said separation
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means is properly set by selecting a dimension or

number of said aperture properly.

7. A sheet supply apparatus according to claim
6, wherein said éeparation means is elastically
deformed in a curved fashion when the sheet abuts and
rides over said separation means, and said aperture is
disposed in the proximity of a fulcrum around which

said separation means is deformed.

8. A éheet supply apparatus according to claim
7, further comprising fulcrum means for changing a
point of the curved deformation of said separation
means in a.direction the curved deformation of said
separation means is generated, and wherein said fulcrum
means includes a first fulcrum portion against which
said seﬁaratiqn means firstly abuts to be deformed in
the curved fashion, and a second fulcrum portion with
which said separation means is contaqted as an amount

of deformation of said separation means is increased.

9. A sheet supply apparatus according to claim
5, wherein said separation means is disposed in an
inclined manner so that, prior to the angular
displacement of the sheet, an abutment surface of said
separation means against which the sheet abuts has an

end on which the sheet is rides over and which is
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disposed nearer said sheet supporting means than a
surface portion of said abutment surface perpendicular

to a sheet supplying direction.

10. A sheet supply apparatus according to claim
5, wherein said separation means is formed from a

synthetic resin film sheet..

11. A sheet sﬁpply apparatus according to claim
5, wherein said separation means has a thickness of

0.07 to 0.3 mm.

_12. A sheet supply apparatus comprising:

sheet supporting means for supporting sheets;

sheet supply means for feeding out the sheet
supported by said sheet supporting means; and

separation means against which the sheet fed by
said sheet supply means abuts to cause elastic angular
displacement of the sheet and adapted to permit the
separation of the sheet when the sheet rides over said
separation means;

wherein said separation means is formed from a

thin plate-shaped member having a notch.

13. A sheet supply apparatus according to claim
12, wherein said notch is formed in a central portion

of said thin plate-shaped member at an end on which the
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sheet rides over.

14. A sheet supply apparatus according to claim

13, wherein said notch has a V-shaped configuration.

15.' A sheet supply apparatus according to claim

13, wherein said notch has a U-shaped configuration.

16. A sheet supply apparatus according to claim
13, wherein a width of said separation means is
gradually decreased from said end on which the sheet
rides over to a position where said separation means is

fixgd.

17. A sheet supply apparatus according to claiﬁ
12, wherein said separation means is disposed in an
inclined manner so that, prior to the angular
displacement of the sheet, an abufment surface qf said
separation means against which the sheet abuts has an
end on which the sheet is rides over and which is
disposed nearer said sheet supporting means than a
surface portion of said abutment surface perpendicular

to a sheet supplying direction.

18. A sheet supply apparatus according to claim
12, wherein said separation means is elastically

deformed in a curved fashion when the sheet abuts and
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rides over said separation means, énd further
comprising a fulcrum means for changing a point of the
curved deformation of said separation means in a
direction the curved deformation of said separation
means is generated, said fulcrum means including a
first fulcrum portion against which said separation
means firstly abuts to be deformed in the curved
fashion, and a second fulcrum portion with which said
separation means is contacted as an amount of

deformation of said separation means is increased.

19. A sheet supply apparatus according to claim
12, wherein said separation means is formed from a

synthetic resin film sheet.

20. A sheet supply apparatus according to claim
12, wherein said separation means has a thickness of

0.07 to 0.3 mm.

21. A‘recording apparatus comprising:

sheet supporting means for supporting sheets;

sheet supply means for feeding out the sheet
supported'by said sheet supporting meéns; and

separation means against which the sheet fed by
said sheetlsupply means abuts to cause elastic angular
displacement of the sheet and adapted to permit the

separation of the sheet when the sheet rides over said
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separation means; and

recording means for performing recording with
respect to the sheet separated by said separation
means;

wherein said separation means is formed from a
thin plate-shaped member which includes at least an

aperture or a notch.

22. A recording apparatus according to claim 21,
wherein said recording means is of ink jet recording
type in which an electrica}/thermal converter is
energized in response to a signal, and the recording is
perfprmed by discharging ink due to growth of a bubble
generated in the ink by the heating exceeding film

boiling effected by said electrical/thermal converter.

23. A recording apparatus comprising:

-sheet supporting means for supporting sheets;

sheet supply means for feeding out the sheet
supported by said sheet supporting means; and

separation means against which the sheet fed by
said sheet supply means abuts to cause elastic angular
displacement of the sheet and adapted to permit the
separation of the sheet when the sheet rides over said
separation means; and

recording means for performing recording with

respect to the sheet separated by said separation
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means; -

wherein said separation means is formed from a

thin plate~shaped member having an aperture.

24. A recording apparatus according to claim 23,
wherein said recording means is of ink jet recording
type in which an electrical/thermal converter is
energized in response to a signal, and the recording is

performed by discharging ink due to growth of a bubble

'generated in the ink by the heating exceéding film

boiling effected by said electrical/the:mal converter.

. 25. A recording apparatus comprising:

sheet supporting means for supporting sheets;

sheet supply means for feeding out the sheet
supported by said sheet supporting means; and

separation means against which the sheet fed by
said sheet supply means abuts to cause elastic angular
displacement of the sheet and adapted to permit the
separation of the sheet when the sheet rides over said
separation means; and |

recording means for performing recording with
respect to the sheet separated by said separation
means;

wherein said separation means is formed from a

thin plate-shaped member having a notch.
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26. A recordihg apparatus according to claim 25,
wherein said recording means is of ink jet recording
type in which an electrical/thermal converter is
energized in response to a signal, and the recording is
performed by discharging ink due to growth of a bubble
genérated in the ink by the heating exceeding film

boiling effected by said electrical/thermal converter.



