
AUTOMATIC PLATEN GAP ADJUSTING APPARATUS BACKGROUND OF THE INVENTION The
present invention relates to an apparatus for automatically adjusting the
gap between a platen and a printing head in proportion to the corresponding
thick- ness of recording paper. With recording heads, particularly wire dot
record- 



ing heads for use in printing characters by striking wires against
recording paper via ink ribbons, the striking strokes of the wire have to
be set as small as possible in order to effect high-speed printing. On the
other hand, since the wire dot recording head must be strong in mechanical
strength, to render it pos- sible to make copies with the aid of a copying
material, such printers are very versatile in the kinds of recording 



paper which they are capable of utilizing. Conse- quently, unlike other
types of printers, for this kind of printer, the distance between the
recording head and recording paper tends to vary to a greater extent. For
this reason, printers using wire dot recording heads are usually provided
with a mechanism for ad- justing the relative gap between the platen and
the re- cording head. However, the problem is that selecting 



the optimum gap for a specific type of recording paper requires a great
deal of skill and is also troublesome. In order to solve the problem above,
Examined Japa- nese Patent Publication No. Hei. 4-14634, for instance,
discloses a printer providing an encoder for producing pulse signals
corresponding to the movement of a car- riage from the initial position and
a control unit for processing feedback pulse signals from the encoder. In 



this case, when a recording head abuts against record- ing paper, the fact
that a pulse motor for driving the carriage starts stepping out is detected
from variations in the number of pulses from the encoder. The thickness of
the recording paper is obtained from the movement of the carriage up to the
point in time of abutment, so that the carriage position is made
controllable accord- ing to the data thus obtained. 



Notwithstanding, there still arises a problem in that, since the recording
head is forced to abut against the recording paper until the pulse motor
starts to step out, recording paper such as copying paper which colors in
response to external force may bear press marks.    



2 SUMMARY OF THE INVENTION In view of the foregoing problems, an object of
the present invention is to provide an automatic platen gap adjusting
apparatus capable of accurately measuring the corresponding thickness of
recording paper by forcing a carriage to contact the recording paper with
only minimum required force. 



In order to solve the foregoing problems, an auto- matic platen gap
adjusting apparatus according to the present invention provides a stepping
motor for moving a carriage provided with a recording head in the direc-
tion of a platen shaft, a movement detection device for outputting pulse
signals proportional in number to the movement of the carriage, an abutment
decision device for integrating, by moving the carriage from a reference 



position in the direction of a platen, the time difference between each
stepping-motor driving pulse and the pulse signal produced from the
movement detection device due to driving by the driving pulse so that it is
detected whether the integrated time difference value has reached a
predetermined value, a paper thickness calculation device for calculating
the corresponding thickness of recording paper on the basis of the move- 



ment of the carriage from the reference position, and a control device for
adjusting the relative gap between the carriage and the platen by driving
the stepping motor according to the data given by the paper thick- ness
calculation device. With the automatic platen gap adjusting apparatus,
while the movement of the carriage from the reference position in the
direction of the platen is calculated, the 



time difference between the stepping-motor driving pulse and the pulse
signal of the movement detection device is detected. When the integrated
time difference value reaches the preset value, it is decided that the
recording head has abutted against the recording paper before the stepping
motor steps out. The corresponding thickness of the recording paper is
calculated from the movement of the carriage until then. The relative gap 



between the platen and the carriage is thus set at the optimum value.    3
BRIEF DESCRIPTION OF THE DRAWINGS In the accompanying drawings: 



FIG. 1 is a block diagram illustrating an embodiment of the present
invention; FIG. 2 is a diagram illustrating the construction of the
periphery of a gap adjusting mechanism in a serial printer according to the
present invention; FIG. 3 is a flowchart showing the operation of a platen
gap adjusting apparatus of the present invention; FIG. 4 is a
waveform.chart illustrating the operation 



of the apparatus of FIG. 3; FIG. 5 is a diagram illustrating the relation
between kinds of paper and the number of driving pulses; FIG. 6 is a block
diagram illustrating another em- bodiment of the present invention; and
FIG. 7 is a block diagram illustrating still another embodiment of the
present invention. DESCRIPTION OF THE PREFERRED 



EMBODIMENTS Referring to the accompanying drawings, a detailed description
will subsequently be provided of an embodi- ment of the present invention.
'FIG. 2 illustrates a mechanism embodying the pres- ent invention and
showing what is used for adjusting the relative gap between a platen and a
recording head in a serial printer. In FIG. 2, numeral 1 denotes a car- 



riage which is loaded with a recording head 2, provided on a guide shaft 3
rotatably fitted to the base in an ec- centric condition and constructed so
that it can adjust the relative gap G between the platen 4 and the record-
ing head 2. Further, numeral 5 denotes a stepping motor which is driven in
2-2 phase excited state with a period of 3.5 milliseconds and coupled via a
reduction gear 6 to a 



driven wheel 7 on the guide shaft 3. Moreover, a rotary encoder 12 is
employed as a movement detection de- vice. A code plate 10 of the rotary
encoder 12 is fitted to a shaft 9 for the purpose of outputting pulse
signals proportional in number to an angle of rotation. The code pattern of
the code plate 10 is preferably selected so that one pulse is output in
synchronization with the single-phase driving of the stepping motor 5.
Further, 



numeral 11 denotes a position detector for detecting a reference position,
for example, a micro-switch, which    4 is set where the carriage 1 is
situated farthest away from the platen 4. Further, numeral 13 denotes a
code detec- 



tion device forming part of the rotary encoder 12. Nu- meral 15 denotes a
guide member for supporting the other end of the carriage 1. Signals from
the position detector 11 and rotary en- coder 12 are applied to a
controller 16 and used to obtain the optimum gap for the corresponding
thickness of the recording paper being used. The controller 16 drives the
stepping motor 5 to move the carriage 1 in 



the direction of arrow A in FIG. 2, thus adjusting the gap G between the
recording head 2 and the platen 4. FIG. 1 illustrates an example of the
controller 16. In FIG. 1, numeral 20 denotes a control device for control-
ling the rotation of the stepping motor. When a loading switch (not shown)
is depressed, the control device 20 causes the carriage 1 to travel to the
reference position by moving away from the platen 4 until a signal issues 



from the position detector 11. Subsequently, the car- riage 1 is moved in
the direction of the platen so that the recording head 2 abuts against the
recording paper. After the thickness of the recording paper is detected,
the stepping motor 5 is driven so that an optimum gap is obtained for the
recording paper that has been loaded. Further, numeral 21 denotes a time
difference detec- tion device for detecting whether a change has arisen in 



the time difference between the pulse signal period from the rotary encoder
12 and the driving period of the stepping motor 5. An output [err] is
produced as a re- sult. Further, numeral 22 denotes a time difference inte-
grating device for calculating an integrated value [err] of the outputs ATn
and supplying the result to an abutment decision device 23 which will be
described below. 



As noted above, numeral 23 denotes an abutment decision device, which is
adapted to output a signal when the integrated time difference value given
by the time difference integrating device 22 coincides with a preset value.
The preset value in this embodiment, is not greater than [err] of the
period of the stepping-motor driv- ing pulse, for example, 1.5
milliseconds. In the case where the integrated time difference value is in
the 



range of not greater than [err] of the stepping-motor driv-    ing period,
the stepping motor 5 increases an output torque in accordance with an
increase of the integrated time difference value. Therefore, the stepping
motor 5 does not step out. 



Further, numeral 24 denotes a paper thickness calcu- lation device for
calculating the pulse signal from the rotary encoder 12 in accordance with
the signal from the position detector 11 and for stopping the calculating
operation in accordance with the signal from the abut- ment decision device
23. This permits the thickness of the recording paper to be calculated on
the basis of the number of pulse signals. 



Referring to the flowchart of FIG. 3, the operation of the apparatus thus
constructed will now be described. First, a loading switch (not shown) is
depressed to load the recording paper (Step i). The control device 20 then
moves the carriage 1 substantially to the center of the printing region
(Step ii). This is done for the purpose of distributing potential parallel
adjustment errors be tween the platen 4 and the guide shaft 3 uniformly to 



both the left and right sides of the printing region. Then the stepping
motor 5 is inversely driven to move the carrier 1 in the direction of the
position detector 11 (Step iii). The stepping motor 5 is stopped when the
signal is produced from the position detector 11, that is, when the
carriage 1 is set at the reference position (Step iv). Then the control
device 20 drives the stepping motor 



5 in a positive direction at a predetermined speed, to move the carriage 1
in the direction of the platen 4. Simultaneously, the control device 20
counts the num- ber of pulse signals from the rotary encoder 12. Inciden-
tally, since the stepping motor 5 tends to operate irregu- larly when the
carriage is initially moved, it is preferred to postpone detecting the time
difference between the pulse signal of the rotary encoder 12 and the
driving 



pulse of the stepping motor 5 until the stepping motor 5 has rotated
approximately 30-pulse times. After the carriage is thus moved by the
predeter- mined number of pulses, the time difference detection device 21
detects an occurrence of the time difference between the driving pulse
period of the stepping motor 5 and the pulse signal period of the rotary
encoder 12.  



6 As shown in FIG. 4, since a load acting on the stepping motor 5 is
constant until the recording head 2 abuts against the recording paper, the
integrated value of the time difference between each pulse signal period of
the rotary encoder 12 and the driving pulse period of the 



stepping motor 5 is zero during this time (Step v). When the recording head
2 abuts against the record- ing paper, additional load is thereby applied
to the car- riage 1, so that the speed of the rotary encoder 12 de-
creases, and the pulse signal period slows, whereby the time difference
[err] is produced. The time difference integrating device 22 sequentially
integrates the time difference [err], and then supplies the results to the 



abutment decision device 23. The load thus increases as the carriage 1
moves closer to the platen, thus causing the integrated value [err] of the
time difference to sharply increase. When the integrated value [err]
reaches the preset value (Step vi), the abutment decision device 23
determines that the recording head 2 has abutted against the recording
paper, and outputs a sig- nal. 



On receiving the signal from the abutment decision device 23, the control
device 20 stops the operation of the stepping motor 5, so that the carriage
1 stops mov- ing. Further, the paper thickness calculation device 24 stops
counting the number of pulses from the rotary encoder 12, and calculates
the thickness of the paper (Step vii). The control device 20 drives the
stepping motor 5 to make the carriage 1 move in the direction of 



the arrow A in FIG. 2 up to the optimum position, so that the gap is
adjusted to an optimum value on the basis of the calculated thickness of
the paper (Step viii). Ac- cording to the embodiment of the present
invention, although the carriage 1 has actually abutted against the
recording paper, the abutment of the carriage 1 is deter- mined before the
stepping motor 5 steps out. Since no useless driving pulses are supplied to
the stepping motor 



5, there is no danger of putting press marks on the re- cording paper. FIG.
5 shows the form of an increase in the integrated value [err] of the time
difference after the recording head 2 has started abutting against the
recording paper. As shown in FIG. 5 (particularly, curve A), in the case   



7 of hard paper such as kraft paper, the value rapidly increases because
the paper is substantially free from deformation even though it is pressed
by the recording head 2. Further, as shown in FIG. 5 (particularly, curve
B), in the case of a plurality of stacked sheets of copying paper, the
value increases relatively gently because the 



copying paper is slightly deformed by the pressure from the recording head
2. If these changes in the form of the number of pulses is employed as
decision-making infor- mation, it is possible to set the gap by taking into
consid- eration not only the thickness but also the quality of the
recording paper, so that printing of higher quality be- comes feasible.
Although the reference position detection device 11 



is used to determine the reference position in the afore- said embodiment
of the present invention, a similar result can be achieved by applying the
above abutment decision method to measuring the distance between the
carriage position and the surface of the platen, then moving the carriage
back to the original position, and then obtaining the distance to the
position where the carriage abuts against the platen loaded with recording 



paper. More specifically, a reference position detecting de- vice 25 is
provided as shown in FIG. 6. The carriage is moved in the direction of the
platen to register the time when a signal is produced from the abutment
decision device 23. Then the carriage is moved back by a prede- termined
distance from the surface of the platen, where- upon the reference position
detecting device 25 stores 



the distance moved as a certain number of driving pulses. The recording
paper is subsequently loaded. As in the case of the preceding embodiment,
operational steps are followed in accordance with the data from the
reference position detecting device 25, whereby the thickness of the
recording paper can be determined. Further, a similar effect can be
achieved by providing alternate devices for the carriage 1, for example, a
bum- 



per 7a for the driven wheel 7 and a bumper settling pin 30 on the static
side as shown in FIG. 7, and making use of these devices for mechanically
setting the reference position.    8 



Although the rotary encoder 12 fitted to the stepping motor 5 is used to
detect the movement of the carriage 1 in the direction of the platen
according to the present embodiment, similar results are obtained by
providing, between the carriage 1 and the base, a displacement measurement
device such as a magnet scale for convert- ing the linear distance into the
number of pulses. Moreover, although in the described arrangement, 



the driving signal of the stepping motor 5 for driving the carriage is
synchronized with the pulse signal of the rotary encoder 12, a similar
effect is achieved by using the number of driving pulses contained in the
pulse signal period to determine the moving state of the car- riage when
the signal period is greatly shorter than the period of the pulse signal of
the rotary encoder 12. Still further, the special stepping motor is used to



move the carriage in the vertical direction of the platen shaft according
to the embodiment above. However, such a special motor can be dispensed
with provided the carriage is interlocked via a transmission mechanism with
a stepping motor for reciprocating the carriage during the printing
operation. As set forth above, the automatic platen gap adjusting apparatus
according to the present invention is pro- 



vided with a stepping motor for moving the carriage loaded with the
recording head in the vertical direction of the platen shaft, a movement
detection device for outputting pulse signals proportional in number to the
movement of the carriage, an abutment decision device for integrating the
time difference between each step- ping-motor driving pulse and the pulse
signal originat- ing from the driving operation based on the driving 



pulse and produced from the movement detection de- vice by moving the
carriage from the reference position in the direction of the platen so as
to detect whether the integrated time difference value has reached a
predeter- mined value, a paper thickness calculation device for calculating
the corresponding thickness of recording paper on the basis of the movement
of the carriage from the reference position, and a control device for
adjust- 



ing the relative gap between the carriage and the platen by driving the
stepping motor according to the data given by the paper thickness
calculation device. Conse-    9 quently, the point of abutment can be
ascertained with 



out pressing the recording paper against the platen with needlessly great
force. Consequently, press marks are prevented from being left on the
recording paper. Moreover, the time of abutment can be determined
precisely, as unstable behavior at that time can be dealt with
statistically. Not only the thickness but also the quality of recording
paper is taken into consideration. Further, the relative gap between the
platen and the 



recording head can be set on the basis of an increasing rate of an
integrated value over time, so that the corre- sponding kind of recording
paper can be determined from this calculation.    - 10 - 



CLAIMS What is claimed is: 1. An automatic platen gap adjusting apparatus
com- prising: a stepping motor for moving a carriage provided with a
recording head in a direction of a platen; a movement detection means for
outputting pulse signals proportional in number to an extent of 



movement of the carriage; an abutment decision means for integrating a time
difference between each driving pulse from said stepping motor and the
pulse signals produced by said movement detection means in response to
moving the carriage from a reference position in the direction of the
platen, and for detecting whether an integrated time difference value has 



reached a predetermined value; a paper thickness calculation means for
calculating a thickness of recording paper, on the basis of the movement of
the carriage from the reference posi- tion, when a signal is produced from
said abutment decision means; and a control means for adjusting a relative
gap between the carriage and the platen by driving said stepping 



motor in accordance with data output by said paper thickness calculation
means. 2. The automatic platen gap adjusting apparatus of claim 1, further
comprising a moving means for moving the carriage to a substantially
central position of a print- ing region, so that the relative gap between
the carriage and the platen is adiusted at the central position. 3. The
automatic platen gap adjusting apparatus of 



claim 1, wherein integrating the time difference is car- ried out after the
movement of the carriage is stabilized. 4. The automatic platen gap
adjusting apparatus of claim 1, wherein said movement detection means out-
puts one pulse signal in synchronization with one driv- ing pulse. 5. The
automatic platen gap adjusting apparatus of claim 4, wherein the
predetermined value of the inte- 



grated time difference value for deciding an abutment state is not greater
than one half of a driving pulse per- iod of said stepping motor.    6. The
automatic platen gap adjusting apparatus of claim 1, further comprising an
identifying means for 



identifying the recording paper from variations in the integrated time
difference value with the passage of time. 7. A method for automatically
adjusting a gap be- tween a platen and a print head, comprising the steps
of: driving a motor to move the print head from a refer- ence position
toward the platen, thereby generat- ing periodic motor-driving pulses; 



generating signals measuring a distance travelled by the print head toward
the platen, whereby the signals are timed to calibrate with the pulses only
during unobstructed travel of the print head toward the platen; detecting
and aggregating time differences detected by comparing the pulses with the
signals; when the aggregated time differences reach a prede- 



termined threshold, generating an output; and in response to the generated
output, executing a rou- tine for making a final adjustment to the gap. 8.
The method according to claim 7, wherein said step of executing the routine
for making the final adjust- ment comprises: calculating a thickness of
recording paper loaded between the print head and the platen in response 



to the generated output; and adjusting the gap between the platen and the
print head in accordance with the calculated thickness. 9. The method
according to claim 7, whereby the signals generated in said generating step
are generated by rotary encoder formed of a circular code plate and a code
detection device. 10. The method according to claim 7, wherein the 



time differences are summed in said detecting and ag- -gregating step. 11.
The method according to claim 7, wherein the signals measuring the distance
travelled by the print head toward the platen are generated from an
interme- diate point between the reference position and the platen. 12. The
method according to claim 7, wherein the 



signals are calibrated such that one of the signals is generated for each
of the pulses during the unob- structed travel of the print head toward the
platen.    












