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invention relates to a paper-feed conﬁrol apparatus for appei-nter accor

“to the preanble of clairm1l. A paper-feed control apparatu
features of-the first part of claiml is known from JP-A-

TEHEWPHEET H4S BEEN '
1101 REPLAGED

particular, the present invention provides an apparatus designed to solve

the probl em of paper janm ng, if such jamm ng should occur. PRIOR ART In
general, a printer IPAPER-&FERERCONTROIAAPPARAFUS BORpPBRENTER a paper tray
mounted on the main printer unit. The
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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 paper 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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‘paper’ stackﬁdsueétl—tahiscsn & is drawn.a sheet at a tine intothe printer J.;%'
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such t hat ai&% “ r nmore sheets of paper is preventgd fr GRPbACER
drawn in. 's | ppage can occur between the rollers and the paper can
becone j anmed partmay along its conveyor path, so that even although a
single sheet of paper is drawn in at a tine, nmal functions can occur. To

det ect suchredwes fthetixgguenqyapdér pepRsoferd prblydes paraswiewlang t he
paper conveyQssfgid. In addition, if this paper sensor does not detect the

paper even after the expiry of a predeterm ned tine_that the paper should
take fromthe start of théé%§S%$&£é¥ELE¥§Pﬁg—ﬁgﬁpgpgmunt|I t he paper’ |
reaches the posité Mcifedd @ aRDovEcAseEribBE BBfeEcieed claim 1 of
5 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
10 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
15 £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
20 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-

25 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

30 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

35 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



i's 'déemed to have failed and an error gisplay I's posted. This can inform
the user that the paper feed was not peéerfornmed correctly, -and perform

recovery processing. PROBLEM TO BE SOLVED BY THE PRESENT | ST 1R TTRAS BEEN
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has to performrecovery processing every tinme the paper feed maltuncti ons.
SUMMARY The present invention has been designed to solve the above probl em
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that aut omeiieadls! HagoREacHelNatpyedBLétiilddVdlud Ne paper feed that may
occur, an
: In the apparatus in accordance with claim 4 of the

present invention, the paper tray is provided with a pair
5 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
10 the paper and flexing the corner portions thereof.

) ACTION OF THE PRESENT INVENTION

The apparatus in accordance with claim 1 of the
present invention generates a paper-feed halt signal if
the paper sensor does not detect the paper when a

15 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

20 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 statﬁé, so that

25 wultimately 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

30 operated after being halted, and then operates the paper-

. feed motor ‘intermittently at small intervals 6f 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

35 predetermined number of repeats of the intermittent
operation, without repeating the intermittent operation

wastefully.
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2 reduce’fne Trequency of paper-feed fgilures to as few as possible.

GQF SOLVI thTgﬁegﬁgﬁeglﬁ@aaﬁhl eve the above described objective,
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f pldes a paper-feed control apparat usg-e+—a
Mﬂ r oft sheets of paper, one sheet at a {THipSH
e operation of a paper-feed notor in|

connand to ensure t hat paper stacked in a paper tray is
y pr|mne§hgp@pp@gaaus 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

30 .

35

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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print” mechani sm This paper-feed contrgl apparatus for a printer is
characterized in conprising a- paper sensor which is provi dqdrafs sieeT BE
predeterm ned position in the paper conveyor path and whic deteﬁgﬁ‘iﬁg Eﬁ]
arrival of paper sent fromthe paper tray by the operation o the |
paper-feed notor; a timer means whi ch generates an out put when a
predeterm ned tine has el apsed after the paper-feed command is issued; a
paper - f eed Paintezate which tbsupseseptpipveriibrhdlst appddgd.i'f a paper
detection signal giyg not 5 %eﬁebﬁﬁgrfafnoa‘ft@ﬁeWeﬁ%ﬁfﬁg"u‘fﬁ'ﬁl%ht ¢ the

out put has been generate timer neans; and _a paper-feed notor

control neaﬁ?ewﬁW@PdGH@P§t9§ the paper-feed SRAWOY @EEP#?FP@n?Py if the
paper - f eed Raldordagie! with' €sel pedsent invention.

5 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' .
10 FIG. 5 illustrates the operation of the separator
tabs of FIG. 4.
QEIAILEQ_QE5QBlEIlQN_QE_IEE_EBEEEBBEQ,EMEQDLMENI
A cross-sectional view of one example of the paper-
feed mechanism that is the main component of a printer to
15 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
20 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
25 separator tabs 5 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
30 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
35  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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for a prlnte claimwherein, if the paper-feed halt signal has
‘been recelve ed motor control neans oper at es_the paper-feed

CI a| m 2 of. iﬁ\nk@m@atlon provi ges the paper- feed control appar at us

nmot or by an jUSt sufficient to allow the pdpEMIStSHEEE&AS RERN
position of the paper sensor, .then repeats a short-tine irterni RERGNCED

operation. Claim3 of the reset I nvention provides the paper- feed control
appar at us fB?pﬁrpFFnF%?to?gfﬁecgeﬁdﬁﬂ %IQﬁQﬁFMﬁﬁagﬁﬁtheogéﬁer9f8§6 lgot or

control means iis phogofedcyi Whth eRsNdSermiRhdieat ghouat 9. th@heurrber of
ot contBRBRELTE iR hphie PACHIEG Akt 55 Ele BaBethe paver-Teed
transfer roller 9. A paper-detection lever 11 is attached
5 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
10 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
15 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
20 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
25 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’
30 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
35 roller 3 is applied to the paper in the direction opposite
to the conveyor direction.
- Once slippage has occurred between the paper and the



feed'failure has occurred if paper is+not detected by the 3 paper sensor
gven after the value counted by the counter neans has reaghed a
predeterm ned value. In the apparatus i.n accordance w th ¢|IBHIS'SHEBET HABBEEN
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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 the
print head. For these purposes, this system bus is aléo
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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therewith, and this engagenent is rel gased by pressing on the paper and
erX|ng the corner portions thereof. ACTION OF THE PRESENT | NVENTI ON The
‘apparatus in accordance with claim1 of the present inv 18'SHERR @R Na
paper-feed halt signal if the paper sensor does not detdct thﬁEﬂgQ%b a
predeterm ned period of time has el apsed after the paper -
On reception of the paper-feed halt signal, the paper-feed notor control
means perfdreadinternittent operation of t he paper-feed notor. In other

words, the paperrHe£eshdfitdlon %fsttw%oa@dcahpbheﬂtgem estey at smal |

|ntervals of time. This causes a frictional oige to Q nt er éently
gener at ed U%#%ﬁﬁﬁ?d y the present invention will now be describe

briefly. If it is determined that the paper has not

5 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

10 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. '

15 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

20 ' 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

25 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

30 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

35 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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fhé'péper D Ehel1Bs BUnRESIacedi Ch rel eased the paper-feed mal function status
and is hi J’TIMI eturn the printer to its normal paper-feed status,
so t hat ultd mtE[" equency of paper-feed failu.ﬁﬁg%s m=i0)

z

apparatus i ith claim2 of the present | AE A~é§%§§*?ﬁe
paper-feed notor to operate for a relatively large ai -5ttt It
5 OPer 3t od il Lor e R aal §50y 8N LoD oBer sbes, the sl ded motor
claim 3 of plvdsesesden papent ferddeseprdoesdimqinarnsldsyr .- frded dapdmir e has
occurred ifh%@?pﬁ%%%& B%”Ekﬁe”EE %LS@ﬁeghéféééié&on of the paper
sensor. At this point, if the value N in the paper-feed
5 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,
10 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
15 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
20 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
25 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
30 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
35 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



predet er mi ned nunber of repeats of thd0internittent operation, wthout
Jepeating the intermttent operation wastefully. 4 In the apparatus.in

accordance with claim4 of the present invention, the ppagals SHEETEAPSEEN |
tray engages with the separator tabs and is flexed therpy, S®ephb&tEm one
sheet of paper at time is separated fromthe separator ; U aper
_Can be fed bsbéébh¥s088e3h8§éeéée&-Eéé@b 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

.5 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

10 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

15 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

20 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'S17, the value in the
papef—feed counter is reset to zero, and the number of
intermittent operations M is incremented by one. This

25 1loop 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
S$23 partway through this intermi;tent operation repetition
loop, the paper-feed motor is rotated by 200:pulses (step

30 s25) 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

35 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 Rep
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EFFECTS OF THE PRESENT | NVENTI ON As dddcri bed above, since the apparatus in

accordance with claim1l of the present invention operat
‘motor intermittently to repeatedly generate a |arge frict T8RalH |ﬁﬁ§BEEN
between the feed rol ler and the paper if a paper-feed melfuncRERASHhul d

occur, it is highly Iikely that the paper-feed mal function status will be
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will not be sufficient to allow the paper to reach the
5 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
iO 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-

15 feed motor is rotated in the positive direction by 200
bulses, 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

20 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

25 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.

30 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. )

35 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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consi dered capable of releasing in a ghort period of time mnor paper jans
that are expected to occur in normal operation. By determ ning that a
paper-feed failure has occurred if the paper jamis not raFegStl
predeterm ned nunber of repeats of the intermttent operat)i o
apparatus of claim3 can respond rapidly to serious paper
-apparatus of claim4_is provided with a pair of separator tabs at the
corner port FORSiGHTehf endidigt ddige SHrERENGEpERe { FRENER OIS i t he
paperhtray EﬁéaﬂéﬁeﬁMéﬁatéﬁhfﬁﬁﬁﬁiaéafatabétﬁndiaésfé§XEﬁbtiﬁaﬁiug so that a
Caner oan bedbePin e “onveyor® di 2L o ekt DepSEPar AL of, taks, and thus

such a manner as to guide the sides at the leading edge of

5 the paper and also engage with the leading edge of the
paper. As shown in the figure, 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

10 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

15 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

20 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

25 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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f ed reliably one sheet at a time and paper jamming is not
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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

This Sheet Has Bee
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FIG 3 isaftowvchart—of—the processifnig of paper- feed control in the

enbodi ne | . FIG 4 is a diagramill ustratiye of—separat
‘tabs in qmﬂialm! dl ]mrt he paper-feed nmechani sm shown i nTHIISGHEf‘T P@%&E%N
L ! REBRC

i1l ustrat of the separator tabs of FIG 4.} DETA

DESCRI PTI ON OF THE PREFERRED EMBODI MENT A cross-sectional Vview of one
exanpl e of the paper- feed nmechanismthat is the nmain coggonent of a

printer to which t$idgrrarei-ferbkmater CcOnsERLi B8NS dRbRAMIRER) Ehag

First, a stackagérardad g@aimiehayf cea®dofi fppageri $sphbedaeneatpdper
tray 1. Afeed roller 3 that provides ca.
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 whiéh are positioned at leading corner

10 portions of said paper stacked in said paper tray, the two
sides\bf 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.

This Sheet Has Been Replaced




the paper feed is in contact mnth the Epp of this stack of paper. This feed
roller 3 is designed to be driven- by a 'pi per-feed notor
inthe figure. In this case, a stepping notor that goes hmmn@WHEBBASBEBE
in one rotation is used as the paper-feed.notor. Separatpr talREPBAGER
provided in the vicinity of a |eading-edge portion of the paper tray 1, In
t he paper-feed direction. These separ at or tabs 5 operate to separate the
upper nost sheet of paper of ABSIRACICIOF THER DESCEQEURE and | ower sheets in

the stack, every Mihd he-RaaR! mthlena%;txe&edcayatﬁepéleeéeéel ler 3. In

ot her mords t he | eadi ng g n the direction of the uppernost
sheet of papePPEEO¥ |apRAFaHET digF eoptrﬁ&tcert that sepaneeedthe off eweeretond

and of paper-feed failures by automatically performing a

5 clearing operation if a malfunction should occur in the
supply of paper. Paper stacked in a paper tray 1 is
separated one sheet at a time by separator tabs -5, and
then is sent in a conveyor direction by the rotation of a
feed roller 3. If the paper should jam partway during

10 this separation and conveyor process, a paper-feed motor
that drives the feed roller 3 is driven intermittently.
This intermittent operation produces a large paper
conveyor force from repeated generation of a large
frictional force between the roller and the paper, and

15 thus the frequency of paper-feed failures is reduced.

‘;“—-—~—___~_~__~_
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Thi s flexing'bf:the upper nost sheet of paper is

subsequent sheets of paper. of

subsequently renoved by the paper feed initiated by the feed rol a

f he uppernost sheet alone is fed out .over the separator tRITHISSSHEHET MAS BEEN
is then sent al a conveyor pat h by REREACER

upper nost sheet of paper ?4925

roller 3. During this tine, a paper- trdnsfer guide 7 on The conveyor path

6 paper is sent correctly by a paper-transfer roller 9
The

ensures that the
while it is in contact with the paper-transfer guide 7

.
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‘pdpér I's 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 HapHISGHEET GTASCBERY
as far as the paper-transfer roller 9. If the paper has bedn traREFI&GER] as

far as the paper-detection |ever 11, :a(a r-detection lever 11 1s pushed
upwar ds by the paper and an electrlcal that is not shown in the
figure is turned 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 predetermned tinme has el apsed after
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foapef feed started, it is determned that a mal f unct i
paper feed and a paper-feed halt signal is generated.
mal functions in the paper feed will now be descri bed

on has occurred in the

Cause

wth réf Iér%’gEE? H%BEEN

1. The paper-feed can malfunction if the3L6& applied to thdpaper—a—the

opposite direction to the conveyor di rection when the paper ¢

greater than the force w the feed roller 3 conveys paper, in
ot her words, than the frlcg'w_ orce between the roller and t he paper.

There are two mai n cause phenonenon. One of
upper nost sheet of paper comgs into contact wi t3i%he;
Is flexed thereby. At this pqgint,

Q.

SRt

nd

conveyed S

17— JRESET PAPERTEED
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-thb‘paper could be returned by the flexure force, back in the direction

opposite to the conveyor direction. Another occurs when tHherfReairmfHADDEEN
'separated by the separator tabs 5 hits the paper-transfer QU|deR§pgmﬂﬂjs

curved into the conveyor direction. 4g case, a force rS—greater
than the force applied to the paper by'tthe”feed roller 3 is applled to the
paper - in the direction opposite to the conveyor direction. Once slippage
has occurred between the paper and t he 7

01\[""

FI1G. 4
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feed roll er because of one of the above causes, the frictional force

frictional force generated when the paper is conveyed nor TH§SH§€TﬁHQ§EEN
frictional force is overwhel med by the dpqg operating to ¢onyeyRERt@CERper
in the direction opposite to the conve irection, and thus it is
difficult to return to the normal paper-feed status. The present invention
is designed to operate the feed roller 3 intermttently once a paper-feed
mal functi on 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 overcone the | oad generated when
t he paper is

generated between the feed roller 3 and the paper is Iessiguu“ £

U . . This Sheet Has Been R jaced
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conveyed, and_thus ensure that:the paper feed proceeds nornal Wren
(:’onfj--gur'f:ltio,nT S a acedy tingfyrs : ]? aper feed @PL‘WMTESHEET
FIG 2. This sy i1 41 Eed i th amﬁ%& %ﬁhcontrolling the entire
printer, inclu | of . eration. [Thp GFUSER 1996
connected via a systembus to a progranmmiabl e ROM 15 that conthipns prograns
for running the CPU 13, a RAM-17 used by the CPU 13 for variops types of

processing, and an operating panel 19 which has a buttons for|gperations

such as starting antCAHERFRERD CONTBOLNREPARATUS HORpPPRYNTER show ng vari ous
nmessages i ncluding error nessages. The CPU 13 is al so connected via the
system bus

SCOPE _QF THE ﬂ_ VENTION

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

PRIQ.B ART

In general, a printer holds a stack of many_sheéts 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 printér by rollers, and is printed thereby.
During this time, the configuration is such that a group
of two or more sheets of paper 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
proﬁided 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



to a drive circuit 25 of a paper-feed notor that drives ﬂﬁEﬂMﬁﬁﬁ@ﬁﬁﬂSﬁL

and a paper .detection switch-27-that is operated by the pa
lever 11. In additi'dn to paper-feed control, the CPU 13 3
processing of print. ‘data sent. fron1a host conputer whi ch
the figure, and: the driving:of the print head that prints

t

[T REEAE LSS e

—detection

O g@SEPI996

ils not shown |

carriage that noves the print head. For these pur poses, tlhis systembus is

al so connected to an interface unit 29 for communi cating

1T The host

conput er, arefnge ehe chrequenavoofdpapergfesd faiduzgs, tanasafari € circuit

21 for drivhggsibeeprint

EAN F 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 cogtrols the transﬁer of
sheets of paper., one sheét 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 ﬁechénism. This paper-feed control apparatus for a
printei is characterized in comprising a paper sensor
which is provided at a predeterﬁined 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 sénsor even after the output has
been generated by the timer means; and a paper-feed motor
control means which operates the papexr-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 qlaim
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




8 head. The operafion of theabove conponents that are '
present invention w T now bedescribed briefly. If it it REPIACE aSHEBT

t he paper has not reached: the posi tion of the paper det¢cfron swich Z/

start has el apsed, a signal"

whi ch acts as a paper sensor mhen'the predeterm ned tipefaf4
i ndi cat i ng that fact is senf {o Ee @ﬁ?)

the system bus. The CPU 13 then control s the paper-feed|mber—e+ive—ei

be
/|

Ul rT ve T orT

25 via the systembus to operate the paper-feed notor iptermttently.
Paper - f eed foaiplesr sensodeeveni aétdennthervalue counted by ‘the—ceunter

+~tu

means has reached a predetermined value. .

In the apparatus in accordance with claim 4 of the
present invention, the paper tréy is provided with a pair
of separator tabs which are positioned at leading corner
portions of the paper stacked.ip 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 generates 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-fged 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. '




error nessage—sdispiayed only if the paper is not det|REPEACEMENE f
sensor even after this .intermttent operation. A detaille "OW of
processing during the paper-feed perforned by the controlle5(§g o8 Rl &
2 is shown in FIG -3.. In thi's flowhart, rotation of the paper-feed notlor
in the direction in which paper i$ conveyed is called thelpositive
direction, and rotation in the direction opposite to that in which paper |s
conveyed is called the negative direction. Note that thFs—empodrnent of the
present inventiolnudde appars¢usoior agsorfanpapwithf eddimotdoof Fhest, when

the paper fegb sl titvddt8 ol YRe' BaBer 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 ;eliably one sheéet at a
time. .

EFFECTS OF THE PRE-SENT INVENTION

As described above, since the appératus in accordance
with claim 1 of the present invention operates the paper-
feed motor intermittently to repeatedly generate a large
frictidnal 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 papef—feed failure has
occurred if the paper jam is not released after a
predetermined number of repeats of the intermittent
operation, the.apbaratus of claim 3 can respond rapidly 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 papexr can be
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



paper - f.eed counter that indicates the rotational distance ofgéfegnanpr-fppd

mot Qr, Or r ather—the nunber of !sheets of paper N that .the n PLA@E@QQ@FgHEET

is reset to zero (step S1). Next|, the paper-feed notor is rqtgtedy—one

pul se in the positive direction i(step S3). The value Nin the|p
counter is then.i-neremented by 1 (step 35). Next, the systernce?@ﬁ%§é€eﬁgb

whet her or nbt -t he paper has been detected by the paper sengorL.(step S7)
| f the paper has not yet been detected, the system determ ngs whet her or

not the val ygifkép éaewmﬁ@@rtﬁé*ﬁiéhhﬂmtdmwhasibaaibedp@mﬂad(stcp SH——+a
Sutfi crent for HESpaets b GHHI RE fsertsehtorohreBrRhod: afy of che
paper feed.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. 1In 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. Thes%
separator tabs 5 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




9 In other_words, if the paper-feed notor is given 1000 pﬁﬂgké§$ﬁgﬁﬂ@§ﬂgﬁf
feed is prQQegdLnnganﬂiggﬁlhe paper has plenty of ting tio reach the '
position of the-paper sensor. At this point, if the valugq N i3Q8EP 1996
paper - f eed counter--has ‘rot..reached 1000, the flow returnd tjo the above
descri bed step S3 and ‘once again the nnt@r is operated ir] tHe PoSIitive
direction by one pulse and the value Nis incremented by lone. This is
repeated until the paper is det ect ed by the paper sensor. In this nmanner,
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 that 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
described 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 force, 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. 1In 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




t he paper-feed notor is rotated in the positive direction @ﬁ?LACE&HﬂWBﬁHEEﬁ
reaches its, maximum-value of 1000: If the paper is detectdgd jpy"The paper
senisor before the val.ue N reaches 1000, the paper-feed notior} i g ¢ QER BOY6i "
the positive dlrectlon by 120 pul'ses (step S11) to convey the paper. This
val ue of 120 pul ses’i's efjui val ent to thé distance necessar -
to be sent as far as printing portion that is not shown injthe figures.

Once the paper has been sent in this manner to the portion-gof—tteTprinter
that perfor fgechaoddent bagaupapef - seedhriieshang Igpusabt K&¢ that is known

in the art Sftﬁ"ctt%ohaﬁ EB@chgahéPQtéétﬁé’t@éQ tHd RHRP re1d8t & Enees that
t he val ue N has reached
the paper is less than the frlctlonal force generated when

the paper is conveyed normally, so this frictional force
is overwhelmed by the 1oad operating to convey the paper
in the direction opposite to the conveyor direction, and
thus it is difficult to return to the normal paﬁer-feed
status. The present invention is designed to operate the
feed roller 3 intermittently once a paper-feed malfunction
has bqen detected, in ordef 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 shownjin 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 15 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 erxor
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. Irn 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 the
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 print



1000 before the paper is detected by the paper sensor, rglﬁi““*“ BT O
a step. S15.: First, the paper-feed is halted for a predet FELAGE I+,
such as 0.5 seconds, afhd a value Mthat expresses the ndnmder of tines the

paper-feed is subjected to intermttent ooperation is redet] t308EB 1986¢f
S15). This value of 0.5 seconds is the gpprOX|nate time frdquired for the
position of the paper that has:been flexed by the separ tabs to fal

After a WaIBFﬁ 0.5 seconds, the value N of the paper-fepd counter |s [ esdlt
to zero and &-nunber of |nternittent operations M of the paper-feed notor
I's incremented byhenepésaejporsld) . tiNexabotrdecpupmenfteedthait @rd s rotated in

the positive GLegh 8) Pie PEOUhSCidodiPioH Ui A D' be’ Wit bea

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 elaﬁéed,‘a signal iﬁdicating
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-feed motor
interhittently. Paper-feed failure is determined and an
error message is displayed only if the paper is not
detected by the papexr 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 wvalue 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
S1l). 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 59). 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.
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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 descrlbed 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
processing 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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nunber of |ntern1 ent op s reached certain valué, such
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 system
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 wait time starts (step S29). This value of 0.3
seconds is the time required 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 S17, 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. o

If the paper is detected by the paper sensor in step
S23 partway through this-intermi;tent operation repetition
loop, the paper-feed motor is rotated by 200‘pulses (step
S25) and paper-feed processing by a method that is known
in the art then starts for the printing (step S13), 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 paber 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
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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 flve 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 ﬁulse in the positive direction (step S35). 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
bulses, 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
ﬁhis 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 above 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 S are



the intermttent operation repetition |oop |eaves the problen1that t he

paper could hit the paper-feed guide and jam in other WLBE? t+he—Bape
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could jamclase to the paper sensor. Simlarly, if the p3
t he 11 p03|t|on of the separator tab, etc., the paper
by the internittent operatlon “but the bl?stance obt ai ned b_ t;hgg I n
of the 60-pul'se drive five times.will not be sufficient {olallow the ppr
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configured of a form that surrounds the corner portions of
the paper and are provided at both sides of the leading
edge in the conveyor 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 figure, the shape is sqch that the
cornexr portions of the.box are ;ut 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 s%des of the paper is a length equivalent to '
approximately 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 illustratéd in FIG. 5. The uppermost portion of
FIG. 5 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.




bel ow i s provided i nmedi ately

: : : : | : paper has _
even after five repetitions of] THS smrﬂﬁ%‘?ﬁi ‘operat I on. T&PLW&E
N in thepaper-feed counter is r es e REPAGED o (stlep S33) and |t he paper-feed

T

nmot or se In the positive direction (dqtdgp STBHEPTING
val ue N |sﬂ!ﬂmm lﬁ"@“ﬁ'lﬂm by one (sté@ S37) and the systlem determ nes
whet her e paper . mas been detected (step S39). If |t he—paper—has
been detected, the paper- feed notor is rotated in the pogqitive direction
by 200 pul ses, in the same mann@HABSTS ICISAENEIRXE: | f t he paper has not been
det ect ed,

he syst ey gﬁqgfﬂfe%ﬁ WAGLDSE QppRelcider ¥Rl ¥a N has, raaghed 400

(step S41) and repea

Ve

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 pfedetermined
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-ﬁeed
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 abparatus 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 is intermittently operated; and b
This Sheet Has Been Rep

MR lll;
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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 pr;nter 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 bf 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.

This Sheet Has Been Replaced
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PAPER-FEED CONTROL APPARATUS FOR PRINTER

ABSTRACT OF THE DISCLOSURE

The present invention relates to a paper-feed

control apparatus for a printer'that reduces the frequency

of paper-feed failures by automatically performing a

clearing operation if a malfunction should occur in the

supply of paper. Paper stacked in a paper tray 1 is

separated one sheet at a time by separator tabs ‘5, and

then is sent in a conveyor direction by the rotation of a

feed roller 3. If the paper should jam partway during

.. this geparation and conveyor process, a paper-feed motor

that drives the feed roller 3 is driven intermittently.

This intermittent operation produces a large paper

conveyor force from repeated generation'of a large
frictional force between the roller and the paper, and
thus the frequency of paper-feed failures is reduced.

FIGURE 3
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13 1. . A paper-feed control apparatus for a printer that co REBLACWSHEET

transfer of sheets of paper, one sheet at a tine, along a pagef conveyor
path by the operation of a paper-feed notor in response to a}p3apes Qf SEP 1998
command, to ensure that paper stacked in a paper tray (1) is]séquentially
printed upon by a print mechanism wherkin said paper-feed trot '

apparatus for a printer a paper sensor (11,27) wh I s provided
at a predeterm ned posi(ti%ﬁAﬁT sii d paper conveyor path and | ch detects
the arrival of paper sent Tfom said paper traé (51) bSETheAPPEINMEIT@Y Of said
paper - f eed notor; 15~ 0.5 SECONDS M=0
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a timer neans which generates an output when a predeterm ng
el’'apsed after said paper-feed command is issued; a paper-fe
detecting nmeans (13) which issues a paper-feed halt signal

detection signal is not received fromsaid paper sensor eve
out put has been generated by said timer means; and a paper-

control neans (25) which operates said paper-feed notor; char
that said paper-feed failure detecting neans (13) is a paper-feed halt

H
T,

REPLACEN

SHEET

i fa paper

f ded

means generating a paper-feed halt signal which is sent to

n |af &5 SEPI B96
motor

rrermecotently
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accordance with claim1, wherein; if said paper-feed halt signal

recei ved, said paper-feed notor control

not or by an anount that

position of said paper sensor (11, 27)
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printer
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] nunber of times said paper- feed motor is

ope ndl ski d paper-feed notor control . ~ '
{)gﬁaﬁfﬂgged fRilure has occurred if paper m&bf&ﬁo%&r

a counter ne
intermttently
determ nes tha

by “sai d papet $ensor (11, 27) en after uhe val ue counted by said counter
nmeans has regched a predetern1 ed val ue. 4. A paper feed control
apparatus fo di ?ﬁ ng cl ai s,
wherein: said paper tray 1 |s provi palr of "separator tabs (5)

whi ch are positi.oned at |eading corner ortlons of said paper stacked in
sai d paper tray, the two sides of tﬁ@ﬁﬁggﬁﬂgémbdge of said paper being

gui ded t her eby mdl phesdrendi mgeeien ofe Bat &s PEPed ﬁéﬁéﬁlf@eahééﬁt\kém and
said apparatus for a printer according to the preamble of claim 1.
A paper-feed control apparatus comprising the features of the
first part of claim 1 is known from JP-A-1110174. 1In
particular, the present invention provides an apparatus
designed to solve the problem of papef jamming, if such
jamming should occur. '
| ' PRIOR ART

In general, a printer holds a stack of many sheets of
paper in a paper ttay 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 isg such that a group of two or more
sheets of paper is prevented from being drawn in. However,
slippage can occur between the rollers and the papér can
.become jamméd partway along its conveyor path, so that even
although a single sheet of paper is drawn in at a time,
_malfunctiohs can occur. To detect such a malfunction, a paper
sensor is provided partway along the paper conveyor path. In
addition, 1f 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 TOQ B THE P | NVENT

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 present 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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CLAIMS

1. A paper-feed control apparatus for a printér 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 (1) is sequentially printed upon
by a print mechanism, wherein said paper—feed_control
apparatus for a printer comprises

a paper sensor (11,27) which is provided at a
predetermined position in said paper conveyor path and which
detects the arrival of paper sent-from said paper tray (1) by
the operation of said paper-feed motor; '

a timer means which generates an output when a
predetermined time has elapsed after sald paper-feed command

is issued;

a paper-feed failure detecting means (13) 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 generated by said timer means; and

a paper—feéd motor control means (25) which operates said
paper-feed motor; characterized in that said paper-feed
failure detecting means (13) is a paper-feed halt means
generating a paper-feed halt signal which is sent to
intermittently operate said paper-feed motor. - \

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 (25) operates said paper-feed
motor by an amount that is just sufficient to allow the paper
to reach the position of said paper sensor (11; 27) then
repeats a short-time intermittent operation.
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3. A péper-feed control apparatﬁs for a pfinter in-

accordance with claims 1 or 2, wherein:

said paper-feed motor control means (25) is provided with
a counter means that counts the number of times said paper-

feed motor is intermittently operated; and

" said paper-feed motor control means (25) determines that
a paper-feed failure has occurred if paper is not detected by
said paper sensor (11,27) 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 one of the preceding claims, wherein:

said paper tray (1) is provided with a pair of separator
tabs (5) which are positioned at leading corner portiong 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.



