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PAPER-FEED CONTROL APPARATUS FOR PRINTER

SCOPE OF THE INVENTION

The present invention relates to a paper-feed control
apparatus that controls the supply of paper to a printer
and, in particular, to an apparatus designed to solve the
problem of paper jamming, if such jamming should occur.

| PRIQ.R ART

In general, a printer holds a stack of many sheets of
paper‘in a paper tray-mounted on the main printer unit.
The paper stacked in this manner is drawn a sheet at a
time into the printer by rollers, and is printed thereby.
During this time, the configuration is such that a group
of two or more sheets of papef is prevented from being
drawn in. However, slippage can occur between the rollers
and the paper and the paper can become jammed partway
along its conveyor path, so that even although a single
sheet of paper is drawn in at a time, malfunctions can -
occur. To detect such a malfunction, a paper sensor is
provided partway along the paper conveyor path. In
addition, if this paper sensor does not detect the paper
even after the expiry of a predetermined time that the
paper should take from the start of the paper feed by the
rollers until the paper reaches the position of the paper .
sensor, the paper feed is deemed to have failed and an
error display is posted. This can inform the user that the
paper feed was not performed correctly, and perform
recovery processing.

| PROBLEM TO BE SOLVED BY THE PRESET INVENTION

The printer of the above configuration has the
irritating problem that the‘user.has to perform recovery
processing every time the paper feed malfunctions.

SUMMARY

The preset invention has been designed to solve the
above problem and has as its objective the provision of a
paper-feed control apparatus that automatically copes with
any malfunction in the paper feed that may occur, and
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reduce the frequency of paper-feed failures to as few as
possible.
MEAN LVING THE PROBLEM

To achieve the above described objective, claim 1 of
the present invention provides a paper-feed control
apparatus for a printer that controls the transfer of
sheets of paper, one sheet at a time, along a paper
conveyor path by the operation of a paper-feed motor in
response to a paper-feed command, to ensure that paper
stacked in a paper tray is sequentially printed upon by a
print mechanism. This paper-feed control apparatus for a
printéi is characterized in comprising a paper sensor
which is provided at a predetermined position in the paper
conveyor path and which detects the arrival of paper sent
from the paper tray by the operation of the paper-feed
motor; a timer means which generates an output when a
predetermined time has elapsed after the paper-feed
command is issued; a paper-feed halt means which issues a
paper-feed halt signal if a péper detection signal is not
received from the paper sensor even after the output has
been generated by the timer means; and a paper-feed motor
control means which operates the paper-feed motor
intermittently if the paper-feed halt signal is received.

Claim 2 of the present invention provides the paper-
feed control apparatus for a printer of the first claim
wherein, if the paper-feed halt signal has been received,
the paper-feed motor control means operates the paper-feed
motor by an amount that is just sufficient to allow the
paper to reach the position of the paper senéor, then
repeats a short-time intermittent operation. '

Claim 3 of the preset invention provides the paper-
feed control apparatus for a printer of the second claim
wherein the paper-feed motor control means is provided
with a counter manes that counts the number of times the
paper-feed motor is intermittently operated:; and the
paper-feed motor control means determines that a paper-

- feed failure has occurred if paper is not detected by the
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paper sensor everi after the value counted by -the counter
means has reached a predetermined value. '

In the apparatus in accordance with claim 4 of the
present invention, the paper tray is provided with a pair
of separator tabs which are positioned at leading corner
portions of the paper stacked in the paper tray, the two
sides of the leading edge of the paper being guided
thereby and the leading edge of the paper engaging
therewith, and this engagement is released by pressing on
the paper and flexing the corner portions thereof.

) ACTION OF THE PRESENT INVENTION

The apparatus in accordance with claim 1 of the
present invention generatés a paper-feed halt signal if
the paper sensor does not detect the paper when a
predetermined period of time has elapsed after the paper
feed has started. On reception of the paper-feed halt
signal, the paper-feed motor control means performs
intermittent operation of the paper-feed motor. In other
words, the paper-feed motor is stopped and started
repeatedly at small intervals of time. This causes a
frictional force to be intermittently generated between
the paper and the roller, which released the paper-feed
malfunction status and is highly likely to return the

printer to its normal paper-feed status, so that
ultimately the frequency of paper-feed failures is

reduced.

The apparatus in accordance with claim 2 of the
present invention causes the paper-feed motor to operate
for a relatively large amount the first time’it is

operated after being halted, and then operates the paper-

feed motor ‘intermittently at small intervals of time.

The apparatus in accordance with claim 3 of the
present invention determines that a paper-feed failure has
occurred if the paper-jam is not cleared after a
predetermined number of repeats of the intermittent
operation, without repeating the intermittent operation

wastefully.
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in théfépparatus.in accordance with claim 4 of the
present invention, the paper in the paper tray engages
with the separator tabs and is flexed therby, so that a
one sheet of paper at time is separated from the separator
tabs, and thus paper can be fed reliably one sheet at a
time. '

ECT F_THE PRE ION

As described above, since the apparatus in accordance
with claim 1 of the present invention operates the paper-
feed motor intermittently to repeatedly generate a large
frictional force between the feed roller and the paper if
a paper—feed malfunction should occur, it is highly likely
that the paper-feed malfunction status will be released,
and thus the frequency of paper-feed failures will
ultimately be reduced.

The apparatus of claim 2 causes the paper-feed motor
to operate by an amount that is just sufficient to allow
the paper to reach the position of the paper sensor, then
repeats a short-time intermittent operation, so that it is
considered capéble of releasing in a short period of time
minor paper jams that are expected to occur in normal

-operation. By determining that a paper-feed failure has
occurred if the paper jam is not released after a
predetermined number of repeats of the intermittent
operation, the apparatus of claim 3 can respond rapldly to
serious paper jams.

- Since the apparatus of claim 4 is provided with a
pair of separator tabs at the corner portions at the
leading edge of the paper tray. the paper in ‘the paper
tray engages with the separator tabs and is flexed
thereby., so'that a one sheet of paper at a time is
separated from the separator tabs, and thus paper can be N
fed reliably one sheet at a time and paper jamming is not
likely to occur. '

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of one example of

the paper-feed mechanism that is the main ‘component of a
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printer to which the present invention is applied.

FIG. 2 is a diagram of the system configuration of
one embodiment of the paper-feed control apparatus in
accordance with the present invention.

FIG. 3 is a flow chart of the processing of paper-
feed control in the embodiment shown in FIG. 2.

FIG. 4 is a diagram illustrative of separator tabs in
the paper tray of the paper-feed mechanism shown in FIG.
1' .

FIG. 5 illustrates the operation of the separator
tabs of FIG. 4.

DETAILED DESCRIPTION OF THE PREFERRED _EMBODIMENT

A cross-sectional view of one example of the paper-
feed mechanism that is the main component of a printer to
which the present invention is applied is shown in FIG. 1.
First, a stack of a large number of sheets of paper is
piled in a paper tray 1. A feed roller 3 that provides
the paper feed is in contact with the top of this stack of
paper. This feed roller 3 is designed to be driven by a
paper-feed motor that is not shown in the figure. In this
case, a stepping motor that goes through 360-steps in one
rotation is used as the paper-feed motor. Separator tabs
5 are provided in the vicinity of a leading-edge portion
of the paper tray 1, in the paper-feed direction. These
separator tabs S5 operate to separate the uppermost sheet
of paper of the stack from the second and lower sheets in
the stack, every time the paper feed is activated by the
feed roller 3. In other words, the leading edge in the
paper-feed direction of the uppermost sheet of paper is
flexed thereby so that it is separated from the second and
subsequent sheets of paper.” This flexing of the uppermost
sheet of paper is subsequently removed by the paper -feed
initiated by the feed roller 3, and the uppermost sheet
alone is fed out over the separator tabs 5. This
uppermost sheet of paper is then sent along a conveyor
path by the feed roller 3. During this time, a paper-
transfer guide 7 on the conveyor path ensures that the
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paper is sent correctly by a paper-transfer roller 9 while
it is in contact with the paper-transfer guide.7. The
paper is then conveyed further onward by the paper-
transfer roller 9.. A paper-detection lever 11 is attached
by a spring in the vicinity of the paper-transfer guide 7,
in order to detect that the paper has been conveyed as far
as the paper-transfer roller 9. If the paper has been
transferred as far as the paper-detection lever 11, the
paper-detection lever 11 is pushed upwards by the paper
and an electrical switch that is not shown in the figure
is tu}ned'on thereby. This turning on of the switch
detects that the paper has been transferred correctly, or
rather, that the paper feed has been successful. However,
if the paper has not arrived at the paper-detection lever
11 even after a predetermined time has elapsed after the
paper feed started, it is determined thét a malfunction
has occurred in the paper feed and a paper-feed halt
signal is generated.

Causes of malfunctions in the paper feed will now be
descfibed with reference to FIG. 1. The paper-feed can
malfunction if the load applied to the paper in the
opposite direction to the conveyor direction when the
paper is conveyed is greater than the force with which the
feed roller 3 conveys the paper, in other words, than the
frictional force between the roller and'the paper. There
are two main causes for this phenomenon. One occurs when
the uppermost sheet of paper comes into contact with the
separator tabs 5 and is flexed thereby. At this point,

- the paper could be returned by the flexure fbrce, back in’

the direction opposite to the conveyor direction. Another
occurs when the sheet of paper separated by the separator
tabs 5 hits the paper-transfer guide 7 and is curved into
the conveyor direction. In this case, a force that is
greater than the force applied to the paper by the feed
roller 3 is applied to the paper in the direction opposite
to the conveyor direction.

Once slippage has occurred between the paper and the
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frictional force generated between the feed roller 3 and
the paper is less than the frictional force generated when
the paper is conveyed normally, so this frictional force
is overwhelmed by the load operating to convey ;he paper
in the direction opposite to the conveyor direction, and
thus it is difficult to return to the normal paper-feed
stétus. The present invention is designed to operate the
feed roller 3 intermittently once a paper-feed malfunction
has been detected, in order to repeatedly generate a
frictional force and thus ensure a high conveyor force.

In this manner, the present invention is characterized in
that it can overcome the load generated when the paper is

_conveyed, and thus ensure that the paper feed proceeds

normally.

The system configuration of the controller that
controls the paper feed is shown in FIG. 2. This system
is provided with a CPU 13 for controlling the entire
printer, including the control of the paper-feed .
operation. The CPU 13 is connected via a system bus to a
programmable ROM 1S that contains programs for running the
CPU 13, a RAM 17 used by the CPU 13 for various types of
processing, and an operating panel 19 which has a buttons
for operations such as starting and stopping the printer,
or a display for showing various messages including error
messages. The CPU 13 is also connected via the system bus
to a drive circuit 25 of a paper-feed motor that drives
the feed roller, and a paper detection switch 27 that is
operated by the paper-detection lever 11. In addition to
paper-feed control, the CPU 13 also controls the
processing of print data sent from a host computer, which
is not shown in the figure, and the driving of the print
head that prints the data and the carriage that moves ;he
print head. For these purposes, this system bus is also
connected to an interface unit 29 for communicating with
the host computer, a drive circuit 23 for driving the
carriage, and a drive circuit 21 for driving the priﬁt
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The operation of the above components that are
affected by the present invention will now be described
briefly. If it is determined that the paper has not
reached the position of the paper detection switch 27
which acts as a paper sensor, when the predetermined time
after paper-feed start has elapsed, a signal indicating
that fact is sent to the CPU 13 via the system bus. The
CPU 13 then controls the paper-feed motor drive circuit 25
via the system bus to operate the paper—feéd motor
interﬁittently. Paper-feed failure is determined and an
error message is displayed only if the paper is not
detected by the paper sensor even after this intermittent
operation. '

A detailed flow of processing during the paper-feed
performed by the controller shown in FIG. 2 is shown in
FIG. 3. In this flowchart, rotation of the paper-feed
motor in the direction in which paper is conveyed is
called the positive direction, and rotation in the
direction opposite to that in which paper is conveyed is
called the negative direction. Note that this embodiment
of the present invention uses a pulse motor as the paper-
feed motor. _

First, when the paper feed starts, the value in a
paper-feed counter that indicates the rotational distance
of the paper-feed motor, or rather, the number of sheets
of paper N that the motor has sent, is reset to zero (step
S1). Next, the paper-feed motor is rotated by one pulse
in the positive direction (step S3). The value N in the
paper-feed counter is then incremented by 1 (step S5).
Next, the system determines- whether or not the paper has
been detected by the paper sensor (step S7). If the paper
has not yet been detected, the system determines whether
or not the value N in the paper-feed counter has reached
1000 (step S9). -In this case, a value of 1000 expresses a
distance that is thought to be sufficient for the paper to
reach the paper sensor after the start of the paper feed.

" This Sheet Has Been. Re la sed . ::
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In other words, if the paper-feed motor is given 1000
pulses when paper feed is proceeding normally, the paper
has plenty of time to reach the position of the paper
sensor. At this point, if the value N in the paper-feed
counter has not reached 1000, the flow returns to the
above described step S3 and once again the motor is
operated in the positive direction by one pulse and the
value N is incremented by one. This is repeated until the
paper is detected by the paper sensor. In this manner,
the paper-feed motor is rotated in the positive direction
until -the value N reaches its maximum value of 1000.

If the paper is detected by the paper sensor before
the value N reaches 1000, the paper-feed motor is rotated
in the positive direction by 120 pulses (step S11) to
convey the paper. This value of 120 pulses is equivalent
to the distance necessary for the paper to be sent as far
as printing portion that is not shown in the figures.

Once the paper has been sent in this manner to the portion
of the printer that performs the printing, paper-feed
pfocessing by a method that is known. in the art starts for
the printing (step S13).

If step S9 determines that the value N has reached
1000 before the paper is detected by the paper sensor; the
flow proceeds to a step S15. First, the paper-feed is
halted for a predetermined short time, such as 0.5
seconds, and a value M that expresses the number of times
the paper—feed is subjected to intermittent operation is
reset to zero (step S15). This value of 0.5 seconds is the
approximate time required for the position of the paper
that has been flexed by the separator tabs to fall. After
a wait of 0.5 seconds, the-value N of the paper-feed
counter is reset to zero and the number of intermittent
operations M of the paper-feed motor is incremented by one
(step S17). Next, the paper-feed motor is rotated in the
positive direction by one pulse (step S19) and the value N
of the paper-feed counter is incremented by 1 (step S21).
At this point, the system determines whether or not the
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paper has been detected (step S23). If the paper has been
detected, the paper-feed motor is rotated.in the positive
direction by 200 pulses (step S25). This value of 200
pulses is equivalent to the distance necessary for the
paper to be sent as far as the printing portion that is
not shown in the figures.

If the paper is not detected in step S23, the systeﬁ
determines whether or not the value N has reached 60 (step
S27). This value of 60 pulses is equivalent to the
distance fed by one intermittent operation of the paper-
feed motor. Once the paper has been fed by 60 pulses, a

0. 3 second walt tlme starts (step S29). ThlS value of O 3

seconds is the t1me requlred for the flexing in the angle
of the paper away from the separator tabs to come off and
return to its original orientation. The number of 60
pulses means that the number of paper-feed steps of the
printer is 60. Thus, the intermittent operation consists
of a feed of 60 pulses and a 0.3-second rest.
Subsequently, the system checks whether the number of

intermittent operations has reached a certain value, such

as five (step S31). If the number has not yet reached
five, the flow returns to step'S1l7, the value in the
paper-feed counter is reset to zero, and the number of
intermittent operations M is incremented by one. This
loop repeats until the number of intermittent operations M
reaches the maximum value of. five.

If the paper is detected by the paper sensor in step
S23 partway through this intermittent operation repetition
loop, the paper-feed motor is rotated by 200:pulses (step
S$25) and paper-feed processing by a method that is known
1n the art then starts for the printing (step Ssl13), in the
same manner as described above.

This solving of the problem of paper-jamming within
the intermittent operation repetition loop leaves the
problem that the paper could hit the paper-feed guide and
jam, in other words, the paper could jam close to the
paper sensor. Similarly, if the paper should jam at the

- This Sheet Has Been Repi
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position of the separator tab, etc., the paper will be
released by the intermittent operation, but the distance
obtained by the repeating of the 60-pulse drive five times
will not be sufficient to allow the paper to reach the
paper sensor. In such a case, the processing described
below is provided immediately afterwards if the paper has
not been detected even after five repetitions of the
intermittent operation.

First, the value N in the paper-feed counter is reset
to zero (step S33) and the paper-feed motor is rotated by
one pulse in the positive direction (step 835). The value
N is then incremented by one (step S37) and the system
determines whether or not the paper has been detected
(step S39). If the paper has been detected, the paper-

feed motor is rotated in the positive direction by 200

pulses, in the same manner as in step S25. If the paper
has not been detected, the system determines whether or

. not the value N has reached 400 (step S41) and repeats the

processing until N reaches 400. However, if paper is
detected by the paper sensor at step S39 partway through
thlS loop, the flow branches to step S25 and the paper-
feed processing for printing is performed, in the same
manner as described above. _ .

Note that if the paper-feed force is adjusted by
varying the speed at which the paper is conveyed for each
operation during the intermittent operation, the
reliability of paper feed can be increased, without being
affected by differences in paper quality, such as
thickness.

If the value N reaches 400 but the paper is still not
detected even after the abeve steps are performed, the
system finally determines that a paper-feed failure. has
occurred, and displays an appropriate error message to
prompt the user to perform recovery processing. )

The separator tabs 5 provided at the leading edge of
the paper tray in this embodiment of the present invention

are shown in FIG. 4. These separator tabs 5 are -
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configured of a form that surrounds the cornexr portions of

the paper and are provided at both sides of the leading
edge in the cdnveyor direction of the paper tray 1, in
such a manner as to guide the sides at the leading edge of
the paper and also engage with the leading edge of the
paper. As shown in the flgure, the shape is such that the
corner portions of the box are cut away into triangles,
and the corners of the paper are enclosed therein. The
length L of the separator tabs 5 in the direction along
the sides of the paper is a length equivalent to
approiimately 60 steps of the stepping motor, which is

the number of feed steps of the printer. Incidentally,
one step is 1/360", which is approximately 0.07 mm.

The action of the paper with respect to the separator
tabs 5 is illustrated in FIG. 5. The uppermost portion of
FIG. S5 shows the paper engaged within the separator tabs 5
of the paper tray 1 and pushed up lightly by the elastic
force of a spring. With the paper in this state, if the
paper is pushed forward enough from the trailing edge

thereof that it flexes, as shown in the middle portion of

FIG. 5, the paper flicks out from under the separator tabs
5 and lies on top of them, as shown in the lowermost
portion of FIG. 5. This action of the paper from the
flexing until it lies on top of the separator tabs 5
separates a single sheet of paper from the stack, without
causing several sheets to be fed out. As a result, paper
jamming is not likely to occur.

——
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WHAT IS CLAIMED IS:

1. A paper-feed control apparatus for a printer that
controls the transfer of sheets of paper, one sheet at a -
time, along a paper conveyor path by the operation of a
paper-feed motor in response to a paper-feed command, to
ensure that paper stacked in a paper tray is sequentially
printed upon by a print mechanism, wherein said paper-feed
control apparatus for a printer is characterized in '
comprising:

~ a paper sensor which is provided at a predetermined
position in said paper conveyor path and which detects the
arrival of paper sent from said paper tray by the
operation of said paper-feed motor;

a timer means which generates an output when a
predetermined time has elapsed after said paper-feed
command is issued;

a paper-feed halt means which issues a paper—feed
halt signal if a paper detection signal is not received
from said paper sensor even after said output has been
geperated by said timer means; and

a paper-feed motor control means which operates
said paper-feed motor intermittently if said paper-feed
halt signal is received.

2. A paper-feed control apparatus for a printer in
accordance with claim 1, wherein:

if said paper-feed halt signal has been received,
said paper-feed motor control means operates said paper-
feed motor by an amount that is just sufficiént to allow
the paper to reach the position of said paper sensor, then
repeats a short-time intermittent operation.

. 3. A paper-feed control apparatus for a printer in

accordance with claim 2, wherein:

said paper-feed motor control means is provided
with a counter means that counts the number of times said
paper-feed motor 1is intermittently operated; and
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said paper-feed motor control means determines that
a paper-feed failure has occurred if paper is not detected
by said paper sensor even after the value counted by said-
counter means has reached a predetermined value.

4. A paper-feed control apparatus for a printer in
accordance with claim 1, wherein:

said paper tray is provided with a pair of
separator tabs which are positioned at leading corner
portigns of said paper stacked in said paper tray, the two
sides of the leading edge of said paper being guided
thereby and the leading edge of said paper engaging
therewith, and said engagement is released by pressing on
said paper and flexing said corner portions.
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