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AUTCN%TIC PLATEN GAP ADJSTI NG APPARATUS BACKGROUND OF fﬁ@ | NVENT| ChbsThe
present i nventi on relates=to an apparatus for automatically adjusting the
gap between a' platen and a printing head in proportion to the correspondlng
thick- -gess of recording paper. Wth recording heads, particularly wre dot
record- _

AUTOMATIC PLATEN GAP ADJUSTING APPARATUS

The present invention relates to an apparatus for
automatically adjusting the gap between a platen and a printing
head in proportion to the corresponding thickness of recording

5 paper.
With recording heads, in order to effect high-speed printing,
the distance between a platen and the printing head should be
as small as possible. This applies particularly to wire dot
recording heads for use in printing characters by striking
wires against recording paper via ink ribbons, where the

striking stroke of the wire have to be set as small as

1 possible.

on the other hand, it is desirable that many kinds of
recording paper are printable, leading to the need that the
distance between the recording head and recording paper tends
to vary to a greater extent. This applies especially to
mechanically strong recording heads of - the wire dot type which
render it possible to make copies with the aid of a copying

15

material.

. For this reason, especially printers using a wire dot recording

head have been provided with a mechanism of
adjusting the relative gap between the platen and the recording

20 head. However, the problem is.that the work of selécting the
optimum gap for specific recording paper requires a great deal
of skill and is also troublesome.

In order to solve thEzproblem above, Exaﬁined Japanese

Patent Publication No. Hei. 4-14634, for instance, discloses a
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ing heads ;for use in prigming characters by striking w fﬂeﬁs agai nst

recordi ng paper via ink ¥#fbbons, the striking strokes of the wire have to
be set as snall as possible in order to effect high-speed printing. On the
ot her han®Fifitfge PREVHHIBIJAN r &NGogiasry £8Ed mguﬁengt rPRlSen Sdearks cal
strength, to render it pos- sible to nmake copi'es with the aid of a c_oplyi ng

mat eri al , CORERSPPIALAGs te SheomMpvament 9% 3 nCRRELRIRISTOM tdeoridiitga
' positioﬁ and a control unit for processing feedback pulse
signals from the encoder. In this case, when a recording head
abuts againstlrecérding paper, the fact that a pulse motor for
driving the carriage starts stepping out is detected from
variations of the number of pulses from the encoder, whereby
the thickness of the recording paper is obtained from the
‘movement of the carriage up to the abutment point of time, so
.that the carriage position is made controllable according 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.

In view of £he 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 recordinglpap;r by only forcing a
carriage to contact the recording paper with minimum required

force.

In order to solve the foregoing problems, an automatic

platen gap adjusting apparatus according to

independent claim 1 is provided. Further advantageous
< features, aspects and details of the invention are evident from

‘the dependent claims, the description and the drawings. The

claims are intended to be understood as a first non-limiting

approach of defining the invention in general terms.
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paper , V\:hl c¢ch they are capgbj e of utilizing. Conse- quentl@ unl i ke ot her
types of printers, for this kind of printer, the distance between the
recordi ng head and recor di ng paper tends to vary to a greater extent. For
this reason, printers using wire dot recording heads are usually provided

with a mechdZrhe mifrorergri-on usicicog diilmg r ¢bat avesgepilfdtweaspebe ppavebdesd an
the re- cordngiead HIWRLR  ghfe MMAKREMY S YL CWnI%h comprises a

stepping motor for moving a carriage

loaded with a reccsrding head in the vertical direction of a

platen shaft, a movement detection device for outputting pulse

signals proportional in number to the movement of the carriage,

S an abutmenf. 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 puise signal produced from the movement detection

device due to .driving by the driving pulse so that it is

10 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 movement of the carriage from the

reference position, and a control device for adjusting the

15 relative gap between the carriage and the platen by driving the

steppi'ng motor according to the data given 'by the paper
thickness calculation device.

With the automatic platen gap adjusting apparatus,

while the movement of the carriage from the reference position

20 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 pfeset

value, it is decided that the recording head has abutted

25 against the reéording paper before the stepping motor steps-

out. The corresponding thickness of the recording paper is

U i



t he opilnun1gap for a speaific type of recording paper ﬁEQU|res a great
deal of skill and is al S&Jtroubl esone. In order to solve the pr obl em above,
Exani ned Japa- nese Patent Publication No. Hei. 4-14634, for instance,

di scl oses a printer providing an encoder for producing pul se signals
corresponding to the novenent of a car- riage fromthe initial position and
a control unit for processing feedback pul se signals fromthe encoder. In

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.

5 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 2 gap adjusting mechanism i -
10 . according to the present invention applied to a serial printer;
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;
15 Fig. 5 is a diagram illustrating the relation between.
kinds of paper and the number of driving pulses;
Fig. 6 1is a block diagram illustrating another
embodiment of the present invention; and

Fig. 7 is a block diagram illustrating still another

20 embodiment of the present invention.
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this case when a recorgz$g head abuts against record- £y paper, the fact
that a pulse not or for ving the carriage starts stepping out is detected
fromvariatioens in the nunber of pulses fromthe encoder. The thickness of
t he recordi ng paper is obtained fromthe novenent of the carriage up to the
point in time of abutnment, so that the carriage position is nmade
control |l abl e accord- ing to the data thus obtai ned.

Referring to the accompanying drawings, a detailed
description will subsequently be given of an embodiment of
the present invention.

S Fig. 2 illustrates a mechanism embodying the present
invention for adjusting the relative gap
between a platen and a recoi:ding head exemplified in a serial printer. 1In
Fig. 2, numeral 1 denotes a carriage which is loaded with a
recording head 2, provided on a guide shaft 3 rotatably fitted

10 to the base in an eccentric.condition and constructed so that
it can adjust the relative gap G betﬁeen the platen 4 and the
recording head 2.

Further, numeral 5 denotes a stepping motor which is

driven in 2-2 phase excited étate with a period of 3.5

15 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 aé a movement detection device. 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

.20 rotation. The code pattern of the code plate 10 has been
selected so that one pulse width is output in synchronization

with the  single-phase driving ofl the stepping motor 5.
Further, numeral 11 denotes a position detector for detecting

a reference position, for example, a micro-switch, which is set

25 where the carriage 1 is situated away at the farthest from the
-5 - is Sheet IIIIailiBeeilllieﬂliced




Not wi t;hst andi ng, there s | arises a problemin that,

IAce the recording

head is forced to abut af di nst the recordi ng paper until the pul se notor
starts to step out, recording paper such as copying paper which colors.in
response to external force may bear press marks.
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platen 4. Further, numeral 13 denotes a code detection device
forming the rotary encoder. Numeral 15 denotes a guide member
for supporting the other end of the carriage 1.

Signals from these position detector 11 and rotary
encodef 12 are applied to a controller 16 and used to obtain
the optimum gap for the corresponding thickness of recording
paper. The controller 16 drives the stepping motor 5 to move
ﬁhe carriage 1 in the direction of an arrow A in Fig. 2, thus
adjusting the gép G between the recording head 2 and the platen
4. |

Fig. 1 illustrates an example of the controller 16. 1In
Fig. 1, numeral 20 denotes a control device for controlling the
rotation of the stepping motor. When a loading switch (not
shown) is depressed, the control device 20 causes the carriage
1l to set at ‘the reference position by moving away from the
platen 4 until a signal is sent out of the position detector
11. Subsequently, the carriage 1 is moved in the direction of
;he platen so that the recording head 2 is caused to abut

against the recording paper. After the thickness of the

‘recording paper is detected, the stepping motor 5 is driven so

that the optimum gap is obtained for the recording paper thus
loaded.

Further, numeral 21 denotes a time difference detection
device for detecting whether a change is arisen in the time
difference between_the pulse signal period from the rotary

encoder and the driving period of the stepping motor 5 so as to
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2 SUNNARY .OF THE | NVENTI N In view of the foregoing probkgnms, an object of

t he. présent

i nvention is*¥o provide an automatic pl aten @dp adj usting

apparatus capabl e’ of accurately neasuring the correspondi ng thickness of
recordi ng paper by forcing a carriage to contact the recording paper with
only mnimumrequired force.
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output aTn. Further, numeral 22 denotes a time difference
integrating device for calculating an integrated value I (aTn)
offthe'ATn and supplying the result to an abutment decision
device 23 which will be described below.

As noted above, numeral 23 denotes the 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 which is,
in this embodiment, not greater than 1/2 of the period of the
stepping-motor driving pulse, for example, 1.5 milliseconds.
In the case where the integrated time difference value is in
the range of not greater than 1/2 of the stepping-motor driving
period, the stepping motor 5 increases an output torgue 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
calculation device for calculating the pulse signal from the
rotary encoder 13 in accordance with the signal from the
position detector 11 and for stopping the calculating operation
in accordance with the signal from the abutment decision device
23 so as to calculate the thickness of the recording ééper on
the basis of the number of pulse signals.

Referring to a flowchart of Fig. 3, the operation of
the apparatus thus constructed will subsequently be described.

When a loading.switcﬁ'(not shown) is depressed to load

the recording paper (Step i), for the purpose of distributing
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In order to solve the foregoing problens, an auto- natlcxp%aten gap
-

adj'usting apparatus accordfng to the present invention pre
noving a carriage provided with a recording head in the direc-

not or for

| des a stepping

tion of a platen shaft, a novenent detection device for outputting pulse

signal s proportional

in nunber to the novenent of the carriage, an abutnent

deci sion device for integrating, by nmoving the carriage froma reference
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an influence due to a parallel adjustment error between the
platen 4 and the guide shaft 3 uniformly to both the left and
right sides of the printing region, the control device 20 movés
the'carriége 1l to the substantially center of the printing
region (Step ii). 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 S is stopped when
the signal is produced from the position detector 11, that is,
the carriage 1 is set at the reference position (Step iv).

Then the control device 20 positively drives the
stepping motor 5 at a predetermined speed to move the carriage
1 in the direction of the platen 4. Simultaneously, the
control device 20 counts the number of pulse signals from the
rotary encoder. Incidentally, since the stépping motor 5 tends
to operate irreqularly when the carriage is initially moved,
it is preferred to stop detecting the time difference between
the pulse signal of the rotary encoder 12 and the driving pulse
of the stepping motor 5 to the extent that the stepping motor
5 rotates by approximately 30-pulse times.

After the carriage is thus moved by the predetermined
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. As shown in Fig. 4,
since a load acting on the sfepping motor 5 is constant until

the recording head 2 abuts against the recording paper, the
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p05|t|on I n the dlrectlonaqf a platen, the tinme differeng® between each

st eppi ng- not or driving putsse and the pul se signal produced fromthe
nmovement detection device due to driving by the driving pulse so that jt is
detected whether the integrated tine difference value has reached a
predet erm ned val ue, a paper thickness cal culation device for cal culating
the correspondi ng thickness of recordi ng paper on the basis of the nove-

integrated value of the time différence between each pulse
signél period of the rotary encoder 12 and the driving pulse
period of the stepping motor 5 is zero during this time (Step
v).

S When the recording head 2 abuts against the recording
paper in this manner, the load is applied to the carriage 1, so
that the speed of the rotary encoder 12 decreases, and the
pulse signal period slows, whereby the time difference aTn is
produced. The time difference integrating device 22

10 sequentially integrates the time differeﬁces aTn, 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 I(aTn) of the time
difference to sharply increase. When the integrated value

15 IL(aTn) reaches the preset wvalue (Step vi), the abutment
decision device 23 decides that the recording head 2 has
abutted against the recording paper, and outputs a signal.

On receiving the signal from the abutment decision
device 23, the control device 20 stops the éperation of the

20 stepping motor 5, so that the carriage 1 is stopped to move.
Further, the paper thickness calculation device 24 stops
cdunting 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

25 move in the direction of tﬁe arrow A in Fig. 2 up to the

optimum position, so that the gap is adjusted to an optimum
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ment of the carriage from-he reference position, and a

trol device for

adjustlng the relative gafibet ween t he carriage and the pL ten by driving
the stepping notor according to the data given by the paper thick- ness
cal cul ation device. Wth the automatic platen gap adjusting apparatus,
while the novenent of the carriage fromthe reference position in the
direction of the platen is cal cul ated, the

10
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value on the basis of the calculated thickness of the paper
(Step viii). According to fhe embodiment of the present
invention, although the carriage 1 has actually abutted against
the recording paper, the abutment of phe carriage 1 is decided
before the stepping motor 5 steps out. Since any useless
driving pulses are not supplied to the stepping motor 5, there
is no fear of putting press marks on the recording paper.
Fig. 5 shows the form of an increase in the integrated
value Z(aTn) 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 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 relatively increases gently
because the copying paper is slightly deformed by which the
recording head 2 presses. If that form of a change in the
number of pulses is employed as decision-making information, it
may be possible to set the gap by taking into consideration not

only the thickness but also the quality of the recording paper,

-so that printing of higher quality becomes feasible.

Although the reference position detection device 11 is
used to determine the reference position in the aforesaid
embodiment of the present invention, similar effect is made

obviously achievable by applying the abutment decision method
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tinme dlffeJence bet ween jRe stepping-nmotor driving pul sgfand the pul se
signal of the novement dé&tection device is detected. Wen*the integrated
tinme difference val ue reaches the preset value, it is decided that the
recordi ng head has abutted agai nst the recordi ng paper before the stepping
not or steps out. The correspondi ng thickness of the recording paper is
cal cul ated fromthe novenent of the carriage until then. The relative gap
above to measuring the distance between any position of the
carriage and the surface of the platen, then moving back the
carriage up to the original position and obtaining the distance
up to a position where the carriage. abuts against the platen
5 loaded with recording paper.

More specifically, a reference position detecting
device 25 is provided as shown in Fig. 6. The carriage is
moved in the direction of the platen to detect the time a
signal is produced from the abutment decision device 23. Then

10 the carriage.is moved back by a predetermined distance from the
surface of the platen and the feference position detecting
device 25 is caused to store the distance as the number of
driving pulses. The recording paper is subsequently loaded.
As in the case of the preceding embodiment, operational steps

15 are followed on the basis of the. data from the reference
position detecting device 25, whereby the thickness of the
recording paper can be detected.

Further, similar effect is made obviously achievable .
according to Fig. 7 by
providing devices for driving the carriage 1, for example, a

20 ‘bumper 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.

Although the rotary encoder 12 fitted to the stepping
motor 5 is used to detect the movement of the carriage 1 in the

25 direction of the platen according to the present embodiment,
similar effect is made obviously achievable by providing,

Sheet Has Been RTlaced - 11 -
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betmeen the platen and the carriage is thus set at the

BRI EF DESCRIPTICN OF THE 'BRAW NGS | n t he acconpanyi ng dr%ﬁﬁngs
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between the carriage 1 and the base, a displacement measurement
device such as a magnet scale for converting the linear
distance into the number of pulses.

Moreover, although' it has been arranged that the

'driving signal of the stepping motor for driving the carriage

is synchronized with the pulse signal of the rotary encoder
according to ﬁhe present invention, similar effect is made
obviously achievable by using the number of driving pulses
contained in the pulse signal period to decide the moving state
of the carriage when the signal period is largely 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 the embodimeﬁt above. However, such a special one
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 a preferred aspect of the present invention

provided with
the stepping motor for moving the carriage loaded with the

recording head in the vertical direction of the platen.shaft,
the movement detection device for outputting pulse signals
proportional in number to the movement of the carriége, the
abutment decision device for integrating the‘time difference
between each stepping-motor driving pulse and\the pulse signal

originated from the driving operation based on the driving

Sheet Has Been Re(ilaced - 12 -
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FI G 1 is a block diagrameillustrating an embodi ment of f{de present
invention; FIG 2 is a di'dgramillustrating the construcfizon of the
peri phery of "a gap adjusting nechanismin a serial printer according to the
present invention; FIG 3 is a flowhart showi ng the operation of a platen

gap adjusting apparatus of the present invention;, FIG 4 is a
waveformchart illustrating the operation

pulse and produced from the movement detection device by moving
the carriage from the reference position in the directibn of
the platen so as to detect that the integrated time differenée
value has reached the predetermined value, the paper thickness
5 calculation device for calculating the corresponding thickness
of recording paper on the basis of the movement of the carriage
from the reference position, and the control device for
adjusting the relative gap between the carriage and the platen
by driving the stepping motor according to the data given by
10 the paper thickness calculation device. Consequently, the
abutment point of time can be decided without pressing ﬁhe
recording paper against the platen with needlessly great force
and press marks are also prevented from being left on the
recording paper. Moreover, the abutment point of time can bé
15 decided precisely as unstable behavior at that time can be
dealt with statistically. While not only the thickness but
also quality of recording paper is taken into consideration,
further, the relative gap between the platen and the recording
head can be set by deciding an increasing rate of the
20 integrated value of time so as to determined the corresponding

kind of recording paper.
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of the apparatus of FIG 8 FIG 5 is a dlagran1lllustraL}

g the relation

bet ween ki nds_of_ paper. .and?t he nunber of driving pulses; G 6 is a block
diagramillustrating another em bodi ment of the present invention; and

FIG 7 is a bl

pr esent

i nvent

Hﬂmﬁmgw"Jﬂfg:aﬁrhggpthEHE:QREBot her enbodi rrent. of the

CLAIMS
An automatic platen gap adjusting apparatus comprising:

a stepping motor (5) for moving a carriage (1) loaded with
a recording head (2) towards and/or from a platen (4);

a movement detection means (12) for outputting pulse
signals proportional in number to the movement of said
carriage (1);

an abutment decision means (22,23) for integrating, by
moving said carriage (1) from a reference position in the
direction of a platen (4), a time difference between each
driving pulse from said stepping motor (5) and the pulse
signal produced from said movement detection means (12)
due to driving of said stepping motor in response to said
driving pulse so as to detect the fact that an integrated
time difference value has reached a predetermined value;

a paper thickness calculation means (24) for calculating
the thickness of recording paper on the basis of the
movement of said carriage (1) from said reference position
at a point of time a signal is produced from said abutment
decision means (23); and

a control means (20) for adjusting a relative gap (G)
between said carriage (1) and said platen (4) by driving
said stepping motor (5) in accordance with a data given by
said paper thickness calculation means (24).

The automatic platen gap adjusting apparatus of claim 1
wherein the carriage (1) is moved in the vertical direction
of a platen shaft.
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ENBODINENTS Referring to ghe acconpanying draw ngs, a deta*led description
wi |l subsequently be prOV|ded -of -an_enbodi - nent of the prieésent invention.

"FIG 2 illustrate enbodyi ng the pres- ent invention and
show ng what is usi"ﬂlﬁwn '&H he rel ative gap between a platen and a
recording head in a*seriatl In FIG 2, nurmeral 1 denotes a car-

3. The automatic platen gap adjusting apparatus of claim 1 or
2, further comprising a moving means for moving said
carriage to a substantially central position of a printing
rggion so that said relative gap (G) between said carriage
(1) and said platen (4) is adjusted in said central
position.

4. The automatic platen gap adjusting apparatus of any one of
the preceding claims, wherein an integration of said time
difference is carried out after the movement of said
carriage is stabilized.

5. The automatic platen gap adjusting apparatus of any one of
the preceding claims, wherein said movement detection means
(12) outputs one pulse signal in synchronization with one
driving pulse.

6. The automatic platen gap adjusting apparatus of claim 5,
wherein said predetermined value of said integrated time
difference. value for deciding an abutment state is not
greater than 1/2 of a driving pulse period of said stepplng
motor.

7. The automatic platen gap adjusting apparatus of any one of
the preceding claims, further comprising an identifying
means for indentifying the kind of recording paper from
variations of said integrated time difference value with
the passage of time.
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rlage whi.ch is | oaded with a recording head 2, prOV|dednqn a guide shaft 3
rotatably fitted to the¥sase in an ec- centrlc condi ti dE*and constructed so
that it can adjust the relative gap G between the platen 4 and the record-
ing head 2. Further, nuneral 5 denotes a stepping notor which is driven in

2-2 phase excited state with a period of 3.5 nmilliseconds and coupled via a
reduction gear 6 to a

ABSTRACT

An automatic platen gap adjusting apparatus is provided with a
stepping motor (5) for moving a carriage (1) loaded with a
recording head (2) in the vertical direction of a platen (4), a
rotary encoder (12) for producing a plurality of pulse sighals
proportional to the rotational speed of the motor, the rotary
encoder being equipped with a detection mark on its
circumference, a time difference integrating device for
obtaining the integrated value of the time difference between
the pulse signal from the rotary encoder and the driving pulse
of the stepping motor (5) by moving the carrier (1) from a
reference position in the direction of the platen (4), and an
abutment decision device for detecting whether the value thus
obtained has reached a predetermined value. The thickness of
the paper is calculated by a paper thickness calculation device
according to the number of pulses produced up to a point of
time the signal is produced from the abutment decision device.
The apparatus of the present invention can automatically adjust
the relative gap (G) between the platen (4) and the recording
head (1) with precision while preventing press marks from
appearing on the paper as much as possible because the paper is
caused to abut against the carriage.
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driven wheel 7 on the guide shaft 3. Mreover, a rotary encoder 12 is

enpl oyed as a novenent detecti-on de--vice. A code plate 10 of the rotary
encoder 12 is fitted to a shaft 9 for the purpose of outputting pul se
signals proportional in nunber to an angle of rotation. The code pattern of
the code plate 10 is preferably selected so that one pulse is output in
synchroni zation with the single-phase driving of the stepping notor 5.
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numéral 11 denotes a position detector for detecting a reference position,
for exanple, a mcro-swtch, which 4 is set where the carriage 1 is
situated farthest away fromthe platen 4. Further, nunmeral 13 denotes a

code detec-

- CONTROLLER

FIG 2

G e

e
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tion-deviee form ng part of the rotary encoder 12. Nu- neral 15 denotes a
gui de nenber for supporting tthe 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 optimmgap for the correspondi ng

thi ckness of the recording paper being used. The controller 16 drives the
stepping notor 5 to nove the carriage 1 in

FIG 3

-

STEP i y '
<:: DEPRESS A LOADING SWITCH ? ::>>Ji-—
Y
STEP ii Y
MOVE A CARRIAGE TO A PREDETERMINED
POSITION
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the- direction of arrow Ain FIG 2, thus adjusting the gap G between the
recording head 2 and the platen 4. FIG 1 illustrates an exanple of the
controller 16. In FIG 1, numeral 20 denotes a control device for control -
ling the rotation of the stepping notor. Wen a |oading switch (not shown)
I s depressed, the control device 20 causes the carriage 1 to travel to the
reference position by noving away fromthe platen 4 until a signal issues

FIG. 4
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fromthe position detector 11. Subsequently, the car- riage 1 is noved in
the direction of the platen so that-the recordi ng head 2 abuts against the
recording paper. After the thickness of the recording paper is detected,
the stepping nmotor 5 is driven so that an optinmumgap i s obtained for the
recordi ng paper that has been | oaded. Further, nuneral 21 denotes a tine
difference detec- tion device for detecting whether a change has arisen in
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the time difference between the pul se signal period fromthe rotary encoder
12 and the driving period of-the stepping notor 5. An output [err] is
produced as a re- sult. Further, numeral 22 denotes a tinme difference inte-
grating device for calculating an integrated value [err] of the outputs ATn
and supplying the result to an abutnent deC|5|on device 23 which wll be
descri bed bel ow. _

CONTROLLER
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AUTOMATIC PLATEN GAP ADJUSTING APPARATUS

The present invention relates to an apparatus for
automatically adjusting the gap between a piaten and a printing
head in proportion to the corresponding thickness of recording
paper.

| With recording heads, in 6rder to effect high-speed
printing, the distance between a platen and the printing head
should be as small as possible. This applies particularly to
wire dot recording heads:for use in printing characters by
striking wires against recording paper via ink ribbons, where
the striking stroke of the wire have to be set as small as
possible.

On the other hand, it is desirable that many kinds of
recording paper are printable, leading to the need that the
distance between thé recording head and recording paper tends
to wvary to a greater extent. This applies especially to
mechanically strong fecording heéds of the wire dot type which
render it possible to make copies with the aid of a copying
material.

For this reason, especially pfinters using a wire dot
.recording head have been provided with a mechanism of adjusting
the relative gap between the platen and the recording head.
However, the problem is that the work of selecting the optimum

gap for specific recording paper requires a great deal of skill

and is also troublesome. _ SEPLACEMENT SHEETS SG
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range of not greater than [err] of the stepping-notor driv- I ng peri od,
the stepping notor 5 increases an output torque in accordance with an
increase of the integrated tine difference value. Therefore, the stepping
notor 5 does not step out.

2

In order to solve the problem above, Examined Japanese
Patent Publication No. Hei. 4-14634, for instance, discloses a
printer providing an encoder for producing pulse signals
corresponding to the movement of a carriage 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 recording paper, the fact that a pulse motor for
driving the carriage starts stepping out is detected from
variations of the number of pulses from the encoder, whereby
the thickness of the recording paper is obtained from the
movement of the carriage up to the abutment point of time, so
that the carriage positidn is made controllable according 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.

In view of the forégoing 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 only forcing a
carriage to contact the recording paper with minimum required
force.

In order to solve the foregoing problems, an automatic

platen gap adjusting apparatus according to independent claim

T m——
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Further, nuneral 24 denotes a paper thickness calcu- |ation device for

cal cul ating the pulse signal fromthe rotary encoder 12 in accordance with

the signal fromthe position detector 11 and for stopping the calculating

operation in accordance with the signal fromthe abut- nment decision device

23. This pernmits the thickness of thedrecording paper to be cal cul ated on

the basis of the nunber of pul se signals.
1 is provided. - Further advantageous features, aspects and
details of the invention are evident from the dependent claims,.
the description and the drawings. The claims are intended to
be understood as a first non-limiting approach of defining the
invention in general terms.

The invention according to a specific aspect provides
an automatic platen gap adjusting apparatus which comprises a
stepping motor for moving a carriage loaded with a recording
head in the vertical direction 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 intégrating, by'mdving the carriage from a reference
position in the direction of a platen, the time difference
between each stépping-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
movement 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 thickness calculation device.
With the automatic pléten gap adjusting apparatus,

- while the movement of the carriage from the reference position

in the direction of the platen is calculated, the time
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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 | oad the recording paper (Step i). The control device 20 then
noves the carriage 1 substantially to the center of the printing region
(Step ii). This is done for the purpoge of distributing potential parallel
adj ustnent errors be tween the platen 4 and the guide shaft 3 uniformy to
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.

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 1is a block diagram illustrating another
embodiment of the present invention; and

Fig. 7 is a block diagram illustrating still another

embodiment of the present invention.
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both the left and right sides of the printing region. Then the stepping
nmotor 5 is inversely driven to nove the carrier 1 in the direction of the
position detector 11 (Step iii). The stepping notor 5 is stopped when the
signal is produced fromthe position detector 11, that is, when the
carriage 1 is set at the reference po8ition (Step iv). Then the control
device 20 drives the stepping notor

Referring to the accompanying drawings, a detailed
description will subsequently be given of an embodiment of the
present invention.

Fig. 2 illustrates a mechanism embodying the present
invention for adjusting the relative gap between a platen and
a recording head exemplified in a serial printer. In Fig. 2,
numeral 1 denotes a carriage which is loaded with a recording
head 2, provided on a guide shaft 3 rotatably fitted to the
base in an eccentric condition and constructed so that it can
adjust the relative gap G between the platen 4 and the
recording 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 guidé shaft 3. Moreover, a rotary encoder 12 is
employed as a movement detection device. A code plate 10 of
thé 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 céde plate 10 has been
selected so that one pulse width is outgﬁt 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 is set
where the carriage 1 is situated away at the farthest from the

platen 4. Further, numeral 13 denotes a code detection device
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5in a positive direction at a predeterm ned speed, to nove the carriage 1
in the direction of the platen 4. Sinultaneously, the control device 20
counts the num ber of pulse signhals fromthe rotary encoder 12. Inciden-
tally, since the stepping notor 5 tends to operate irregu- larly when the
carriage is initially noved, it is preferred to postpone detecting the tine
girifagnce bet ween the pul se signal Qfsthe rotary encoder 12 and the

forming the rotary encoder. Numeral 15 denotes a guide member

_ for supporting the other end of the carriage 1.

Signals from these position detector 11 and rotary
encoder 12 are applied to a controller 16 and used to obtain
the optimum gap for the corresponding thickness of recording
paper. The controller 16 drives the stepping motor 5 to move
the carriage 1 in the direction of an 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. 1In
Fig. 1, numeral 20 denotes a control device for controlling the
rotation of the stepping motor. When a loading switch (not
shown) is depressed, the control device 20 causes the carriage
1l to set at the reference position by moving away.from the
platen 4 until a signal is sent out of the position detector
11. Subsequently, the carriage 1 is moved in the direction of
the platen so that the recording head 2 is caused to abut
against the recording paper. After the thickness of the
recording paper is detected, the stepping motor 5 is driven so
that the optimum gap is obtained for the recording paper thus
loaded.

Fu:ther, numeral 21 denotes a time difference detection
device for detecting whether a change is arisen in the time

difference between the pulse signal period from the rotary

encoder and the driving period of the stepping motor 5 so as to

output aTn. Further, numeral 22 denotes a time difference
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pul se of the stepping notor 5 until the stepping notor 5 has rotated
approxi mately 30-pulse tines. After the carriage is thus noved by the
predeter- mned nunber of pulses, the tine difference detection device 21
detects an occurrence of the tine difference between the driving pul se
period of the stepping notor 5 and the pul se signal period of the rotary
encoder 12.

integrating device for calculating an integrated value I (aTn)
of the ATn and supplying the result to an abutment decision
device 23 which will be described below.

As noted above, numeral 23 denotes the 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 which is,
in this embodiment, not greater than 1/2 of the period of the
stepping-motor driving pulse, for example, 1.5 milliseconds.
In the case where the integrated time difference value is in
the range of not greater than 1/2 of the stepping-motor driving
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
calculation device for calculating the pulse signal from the
rotary encoder 13 in accordance with the signal from the
position detector 11 and for stopping the calculating operation
in accordance with the signal from the abutment decision device
23 so as to calculate the thickness of the recording paper on
the basis of the number of pulse signals.

Referring to a flowchaft of Fig. 3, the operation of
the apparatus thus constructed will subsequently be described.

When a loading switch (not shown) is depressed to load
the recording paper (Step i), for the purpose of distributing
an influence due to a parallel adjustment error between the
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6 As shown in FIG 4, since a |load acting on the stepping notor 5 is
constant until the recording head 2 abuts agai nst the recordi ng paper, the

i ntegrated value of the tinme difference between each pul se signal period of
the rotary encoder 12 and the driving pul se period of the -

8

platen 4 and the guide shaft 3 uniformly to both the left and
right sides of the printing region, the control device 20 moves
the carriage 1 to the substantially center of the printing
region (Step ii). 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,
the carriage 1 is set at the reference position (Step iv).

Then the control device 20. positively drives the
stepping motor 5 at a predetermined speed to move the carriage
1 in the direction of the platen 4. Simultaneously, the
control device 20 counts the number of pulse signals from the
rotary encoder. Incidentally, since the stepping motor 5 tends
to operate irreqularly when the carriage is initially moved,
it is preferred to stop detecting the time difference between
the pulse signal of the rotary encoder 12 and the driving pulse
of the stepping motor 5 to the extent that the stepping motor
5 rotates by approximately 30-pulse times.

After the carriage is thus moved by the predetermined
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. 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
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stepping nmotor 5 is zero during this time (Step v). Wen 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 pul se signal period slows, whereby the tine difference

[err] is produced. The tine differenc® integrating device 22 sequentially

Integrates the tinme difference [err], and then supplies the results to the
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 recording
paper in this manner, the load is applied to the carriage 1, so
that the speed of the rotary encoder 12 decreases, and the
pulse signal period slows, whereby the time difference aTn is
produced. The time difference integrating device 22
sequentially integrates the time differences aTn, 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 I (aTn) of the time
difference to sharply increase. When the integrated value
Z(aTn) reaches the preset value (Step vi), the abutment
decision device 23 decides that the recording head 2 has
abutted against the recording paper, and outputs a signal.

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 carriége 1 is stopped to move.
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

e— e,

This Sheet Has Been R ﬂ

IR

TFhis is the replacement shes!

9 1 SEP 19%

Date:



abut nent deci sion device 23. The |oad thus increases as the carriage 1
noves closer to the platen, thus causing the integrated value [err] of the
time difference to sharply increase. Wen the integrated value [err]
reaches the preset value (Step vi), the abutnent decision device 23
determ nes that the recording head 2 has abutted against the recording
paper, and outputs a sig- nal. 10

(Step wviii). According 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 decided
before the stepping motor 5 steps out. Since any useless
driving pulses are not supplied to the stepping motor 5, there
is no fear of putting press marks on the recording paper.

Fig. 5 shows the form of an increase in the integrated
value Z(aTn) 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 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 relatively increases gently
because the copying paper is slightly deformed by which the
recording head 2 presses. If that form of a change in the
number of pulses is employed as decision-making information, it
may be possible to set the gap by taking into consideration not
only the thickness but also the quality of the recording paper,
so that printing of higher quality becomes feasible.

Although the reference position deﬁection device 11 is
used to determine the reference position in the aforesaid
embodiment of the present invention, similar effect is made
obviously achievable by applying the abutment decision method

above to measuring the distance between any position of the
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On receiving the signal fromthe abutment decision device 23, the control
device 20 stops the operation of the stepping motor 5, so that the carriage
1 stops nov- ing. Further, the paper thickness calcul ation device 24 stops
counting the nunmber of pulses fromthe rotary encoder 12, and cal cul ates
the thickness of the paper (Step vii). Thercontrol device 20 drives the
stepping notor 5 to nake the carriage 1 nove in the direction of

carriage and the surface of the platen, then moving back the
carriage up te the original position and obtaining the distance
up to a position where the carriage abuts against the platen
loaded with recording paper.

More specifically, a reference position detecting
device 25 is provided as shown in Fig. 6. The carriage is
moved in the direction of the platen to detect the time a
signal is produced from the abutment decision device 23. Then
the carriage is moved back by a predetermined distance from the
surface of the platen and the reference position detecting
device 25 is caused to store the distance as the number of
driving pulses. The recording paper is subsequently loaded.
As in the case of the preceding embodiment, operational steps
are followed on the basis of the data from the reference
position detecting device 25, whereby the thickness of the
recording paper can be detected.

Further, similar effect is made obviously achievable
according to Fig. 7 by providing devices for driving the
carriage 1, for example, a bumper 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 eetting the
reference position.

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 effect is made obviously achievable by providing,
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the arrow Ain FIG 2 up to the optinmum position, so that the gap is
adj usted to an opti mum val ue on the basis of the cal cul ated thickness of
the paper (Step viii). Ac- cording to the enbodi nent of the present
i nvention, although the carriage 1 has actually abutted agai nst the
recordi ng paper, the abutnment of the carrigge 1 is deter- mned before the
stepping notor 5 steps out. Since no useless driving pul ses are supplied to
t he stepping notor
between the carriage 1 and the base, a displacement measurement
device such as a magnet scale -for converting the linear
distancé into the number of pulses.

Moreover, although it has been arranged that the
driving signal of the stepping motor for driving the carriage
is synchronized with the pulse signal 6f the rotary encoder
according to the present invention, similar effect is made
obviously achievable by using the number of driving pulses
contained in the pulse signal period to decide the moving state
of the carriage when the signal period is largely shorter than
the period of the pulse signal of the rotéry encoder 12.

Still further, the special 'stepping motor is used to
move the carriage in the vertical direction of the platen shaft
according the embodiment above. ' However, such a special one
can be dispensed with provided the carriage is interlocked via
a transmission wechanism with a stepping motor for
reciprocating the carriage during the printing operation.

As set forth above, the automatic platen gap adjusting
apparatus according to a preferred aspect of the present
:anention is provided with the stepping motor for moving the
carriage loaded with the recording head in the vertical
direction of the platen shaft, the movement detection device
for outputting pulse signals proportional in number to the
movement of the carriage, the abutment decision device for

integrating the time difference between each stepping-motor

driving pulse and the pulse signal originated from the driving
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5, there is no danger of putting press marks on the re- cordi
5 shows the formof an increase in the integrated value [err]

ng paper. FIG
of the tine

difference after the recording head 2 has started abutting agai nst the

recordi ng paper. As shown in FIG 5 (particularly, curve A),

in the case

13

operation based on the driving pulse and produced from the
movement detection device by moving the carriage from the
reference position in the direction of the platen so as to
detect that the integrated time difference value has reached
the predetermined value, the paper thickness calculation device
for calculating the corresponding thickness of recording paper
on the basis of the movement of the carriage from the reference
pbsition, and the 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 thickness
calculation device. Consequently, the abutment point of time
can be decided without pressing the recording paper against the
platen with needlessly great force and press marks are also
prevented from being left on the recording paper. Moreover,
the abutment point of time can be decided precisely as unstable
behavior at that time can be dealt with statistically. While
not only the thickness but also quality of recording paper is
taken into consideration, further, the relative gap between ﬁhe
platen and the recording head can be set by deciding an
increasing rate of the integrated value of time so as to

determined the corresponding kind of recording paper.
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7 of Hé?ﬂmﬁéﬁér'SU€h as..kraft paper, the value rapidly increases because

t he pa?ﬂ” tially free fromdeformation even though it is pressed
by t he mm‘ﬁ ﬂm . Further, as shown in FIG 5 (particularly, curve
in thetcase urallty of stacked sheets of copying paper, the

value i ncreases relatively gently becHuse the

CLAIMS
1. An automatic platen gap adjusting apparatus comprising:

~a stepping motor (5) for moving a carriage (1) loaded
with a recording head (2) towards and/or from a platen
(4);

a movement detection means (12) for outputting pulse
signals proportional in number to the movement of said
carriage (1);

an abutment decision means (22, 23) for integrating, by
moving said carriage (1) from a reference position in
the direction of a platen (4), a time difference
between each driving pulse from said stepping motor (5)
and the pulse signal produced from said movement
detection means (12) due to driving of said stepping
motor in response to said driving pulse so as to detect
the fact that an integrated time difference value has
reached a predetermined value;

a paper thickness <calculation means (24) for
calculating the thickness of recording paper on the
basis of the movement of said carriage (1) from said
reference position at a point of time a signal is
produced from said abutment decision means (23); and

a control means (20) for adjusting a relative gap (G)
between said carriage (1) and said platen (4) by
driving said stepping motor (5) in accordance with a
data given by said paper thickness calculation means
(24).
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copylng p deforned by the pressure fromthe recordi ng head
. If the jﬁ ﬂ“i fornlof t he nunber of pulses is enployed as
deC|S|on- it is possible to set the gap by taking into
consi d- eratlon not onIy the thickness but also the quality of the
recordi ng paper, so that printing of hlghﬁ{ qual ity be- cones feasible.
Al t hough the reference position detection device 11
2. The automatic platen gap adjusting apparatus of claim 1,
wherein the carriage (1) is moved in the vertical direction of

a platen shaft.

3. The automatic platen gap adjﬁsting apparatus of claim 1 or
2, further comprising a moving means for moving said carriage
to a substantially central position of a printing region so
that said relative gap (G) between said carriage (1) and said
platen (4) is adjusted in said central position.

4. The automatic platen gap adjusting apparatus of any one of
the preceding claims, wherein an integration of said time
difference is carried out after the movement of said carriage
is stabilized.

5. The automatic platen gap adjusting apparatus of any one of
the preceding claims, wherein said movement detection means
(12) outputs one pulse signal in synchronization with one
driving pulse.

6. The automatic platen gap adjusting apparatus of claim 5,
wherein said predetermined value of said integrated time
difference value for deciding an abutment state is not greater
than 1/2 of a driving pulse period of said stepping motor.

7. The automatic platen gap adjusting apparatus of any one of
the preceding claims, further domprising an identifying means
for identifying the kind of recording paper from variations of
said integrated time difference value with the passage of time.
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Is used to determ ne the reference position in the afore- said enbodi nent
of the present invention, a sinmlar result can be achieved by applying the
~ above abut nment decision method to measuring the distance between the
carriage position and the surface of the platen, then noving the carriage
back to the original position, and then obtaining the distance to the
position where the carriage abuts against the platen | oaded with recording

16

AUTOMATIC PLATEN GAP ADJUSTING APPARATUS

ABSTRACT

An automatic platen gap adjusting apparatus is provided with a
stepping motor (5) for moving a carriage (1) loaded with a
recording head (2) in the vertical direction of a platen (4),
a rotary encoder (12) for producing a plurality of pulse
signals proportional to the rotational speed of the motor, the
rotary encoder being equipped with a detection mark on its
circumference, a time difference integrating device for
obtaining the integrated value of the time difference between
the pulse signal from the rotary encoder and the driving pulse
of the stepping motor (5) by moving the carrier (1) from a
reference position in the direction of the platen (4), and an
abutment decision device for detecting whether the value thus
obtained has reached a predetermined value. The thickness of
the paper is calculated by a péper'thickness calculation device
according to the number of pulses produced up to a point of
time the signal is produced from the abutment decision device.
The apparatus of the present invention can automatically adjust
the relative gap (G) between the platen (4) and the recording
head (1) with precision while preventing press marks £from
appearing on the paper as much as possible because the paper is
caused to abut against the carriage.

FIGURE 1
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paper. Mre specifically, a reference position detecting de- vice 25 is
provided as shown in FIG 6. The carriage is noved in the direction of the
platen to register the tine when a signal is produced fromthe abutnent

deci sion device 23. Then the carriage is noved back by a prede- term ned

di stance fromthe surface of the platen, where- upon the reference position

detecting device 25 stores
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t he di stance noved as a certain nunber of driving pul ses. The recording
paper is subsequently | oaded. ‘As in the case of the precedi ng enbodi nent,
operational steps are followed in accordance with the data fromthe
reference position detecting device 25, whereby the thickness of the
recordi ng paper can be determ ned. Further, a simlar effect can be

achi eved by providing alternate devices fgr the carriage 1, for exanple, a

bum
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per 7a for the driven wheel 7 and a bunper settling pin 30 on the static
side as showmn in FIG 7, and maki ng use of these devices for nechanically
setting the reference position. 8

FIG. 3

-

STEP i ' N
<::l DEPRESS A LOADING SWITCH ? :)>————
- Y
STEP ii Y
MOVE A CARRIAGE TO A PREDETERMINED
POSITION
STEP iii y
MOVE THE CARRIAGE IN THE DIRECTION
OF A POSITION DETECTOR
3
STEP iv ~ SET. THE CARRIAGE AT A REFERENCE N
POSITION ?
Y fe
A 4

MOVE THE CARRIAGE IN A DIRECTION OF A
STEP v | PLATEN

DETECT A TIME DIFFERENCE BETWEEN A
DRIVING PULSE PERIOD AND A PULSE

SIGNAL PERIOD OF A MOVEMENT DETECTION
DEVICE

Y

STEP vi AN INTEGRATED VALUE REACHES A N
~ PRESET VALUE ?

Y
v

STEP vii | STOP THE CARRIAGE T0O MOVE CALCULATE A
: THICKNESS OF A PAPER

STEP viii L2
ADJUST A GAP TO AN OPTIMUM VALUE
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Al t hough the rotary encoder 12 fitted to the stepping notor 5 is used to
detect the novenent of the carriage 1 in the direction of the platen
according to the present enbodinment, simlar results are obtained by
providing, between the carriage 1 and the base, a displacenent nmeasurenent
devi ce such as a nagnet scale for convert- ing the linear distance into the
nunber of pul ses. Mreover, although I n the described arrangenent,

FIG. 4
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the driving signal of the stepping notor 5 for driving the carriage is
synchroni zed with the pul se signal of the rotary encoder 12, a simlar
effect is achieved by using the nunber of driving pul ses contained in the
pul se signal period to determne the noving state of the car- riage when
the signal period is greatly shorter than the period of the pul se signal of
the rotary encoder 12. Still further, th&special stepping motor is used to
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nove the carriage in the vertical direction of the platen shaft according

to the enbodi nent above. However, such a special notor can be di spensed
with provided the carriage is interlocked via a transm ssion nmechanismwi th

a stepping notor for reciprocating the carriage during the printing
operation. As set forth above, the autonmatic platen gap adjusting apparatus

according to the present invention is pro-
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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.
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. 3

pul se and produced fromthe novenent detection de- vice by moving the
carriage fromthe reference position in the direction of the platen so as
to detect whether the integrated tine difference value has reached a
predeter- mned val ue, a-paper thickness calcul ation device for cal cul ating
the correspondi ng thickness of recording paper on the basis of the novenent
of the carriage fromthe reference p05|t|on and a control device for

adj ust - 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 t‘or 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

“fime 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.
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ing the relative gap between the carriage and the platen by driving the
st eppi ng notor according to the data given by the paper thickness
cal cul ati on devi ce. Conse- 9 quently, the point of abutment can be

ascertained with

-3 -

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1is a block diagram illustrating an embodiment
of the present invention;

FIG. 2 is a diagram 1llustrating 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
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out pressing the recordi ng paper against the platen with needl essly great
force. Consequently, press marks are prevented frombeing left on the
recordi ng paper. Moreover, the tine of abutnment can be determ ned

preci sely, as unstable behavior at that tine 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
pl aten and the

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 ATn is produced as a re-
sult. Further, numeral 22 denotes a time difference inte-
grating  device for calculating an integrated value:
Z(ATn) of the outputs ATn and supplying the resuit 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 4 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 # of the stepping-motor driv-
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recor di ng head can be set on the basis of an increasing rate of an
I ntegrated value over tine, so that the corre- sponding kind of recording
paper can be determined fromthis cal culation. - 10 -

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 calculatmg 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 S 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 s set at the reference posmcn (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 S
has rotated approxunately 30-pulse times.

After the carriage is thus moved by the predetcr-
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.
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CEAIMS What is clainmed is: 1. An automatic platen gap adjusting apparatus
com prising: a stepping notor for noving a carriage provided with a
recording head in a direction of a platen; a novenent detection neans for
out putting pul se signals proportional in nunber to an extent of

-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 S 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 ATn is produced. The time difference
integrating device 22 sequentially integrates the time
-difference ATn, 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 3(ATn) of the time difference to
sharply increase. When the integrated value Z(ATn) -
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. S :
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
S, there is no danger of putting press marks on the re-
cording paper. . e

FIG. 5 shows the form of an increase in the integrated
value 2(ATn) 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
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movenment of the carriage; an abutnent decision neans for integrating a tine
di fference between each driving pulse fromsaid stepping notor and the
pul se signals produced by said novenent detection neans in response to
noving the carriage froma reference position in the direction of the

pl aten, and for detecting whether an integrated tinme difference val ue has

-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. § (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 recordmg
paper.

More specifically, a reference posmon detectmg de-
vice 25 is provided as shown in FIG. 6. The carriage is
moved in the direction of the platen to register the timc

- 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 settmg the reference
position.
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reached a predeterm ned val ue; a paper thickness cal cul ati on means for

cal cul ating a thickness of recording paper, on the basis of the novenent of
the carriage fromthe reference posi- tion, when a signal is produced from
sai d abut ment decision neans; and a control neans for adjusting a relative
gap between the carriage and the platen by driving said stepping

-8 -

Although the rotary encoder 12 fitted to the stepping
motor 5 is used to detect the movement of the carriage
1in 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 2 special motor can be dispensed with provided the
carriage is interlocked via a transmission mechanism
with a steppmg motor for- recxprocatmg the carriage
during the printing operation. .

As set forth above, the automatic platen gap adj Justmc
apparatus according to the present invention is -pro-
vided with a stepping motor for moving the carrage
loaded with the recording head in the vertical direction
of the platen shaft, 2 movement detection device for
outputting pulse slgnals 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-
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motor in accordance with data out put by said paper thickness calculation

conpri si B &heHRM4E Bén for noving the carriage to a substantially
central p ' int- ing region, so that the relafive gap hetween
the carri %mmm“g&%mj ten is adiusted at the centirBliSPSHHETi 948 BBEN The
automatic usting apparatug of REPLACED

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 2t 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.
" What is claimed is:
1. An automatic platen gap ad justing apparatus com-
- prising:

2 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 puise from said
stepping motor and the pulse signals produced by
said movement detection means in response to
moving the carriage from 2 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 2 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 adjusted at the central position.
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cllaim 1, wherein integrating the tinme difference is car- ried out after the
novenment--ef- the-carridage is stabilized. 4. The autonatic platen gap

adj ust i n %Ree{ﬁgs‘é%e Qlepiadedi M 1, wherein said novenent detection neans out-
put s one synchroni zati on with one drfy=1 T W - The
automatic E Hﬂl usting apparatus of claim 4, MTerJ BEE]
predet er m -9 - i

REPLACED
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.

- What is claimed is:

1. An automatic platen gap adjusting apparatus com-
prising:

a stepping motor for moving a carriage provided

with 2 recording head in a direction of 2 platen;

a movement detéction 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 2 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 adjusted at the central position.
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g'r.at ed tine difference value for deciding an abutnment state is not greater

t han one hél f'_'ch"é"'a’_i“\?i'n'g' pul se per-

aut omat i c
|dent|fy|n

I od of said stepping notor.

6. The

@lag@dan ddﬁitl ng apparatus of claim1, further conprising an

1L

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, wheréin 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 stcppmg 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 adjustmg 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 dxfferences 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,

THIS SHEET HAS BEER]
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identifying the recording paper fromvariations in the'integrated tine

di fference val ue w th--the passage of time. 7. A method for automatically

adjusting a gap be- tc\gfen a platen and a print head, conprising the steps
of : drThi3S nmove the print head froma refer- ence position
toward H ereby generat- ing periodic HQfe %ﬁ‘t_ﬁ NASPREEP

-11 - REPLAGED

+9. The method according to claim 7, whereby the
signals generated in said genperating 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.
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generating signals neasuring a distance travelled by the print head toward
the platen, whereby the signals are tined to calibrate with the pulses only
during unobstructed travel of the print head toward the platen; detecting
and aggregating tine,differences detected by conmparing the pulses with the
signal s; when the aggregated tine differences reach a prede-
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termined threshold, generating an output; and in response to the generated
executing a rou- tine for nmaking a final adjustnent to the gap. 8.

out put,

The net hod according to claim7, wherein said step of executing the routine
for making the final adjust- nent conprises: calculating a thickness of
recordi ng paper | oaded between the prin; head and the platen in response -

CONTROLLER
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to the generated output; and adjusting the gap between the platen and the
print head in accordance with the calcul ated thickness. 9. The nethod
according to claim7, 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 nethod according to claim7, wherein the

FIG. 3
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STEP viii L)
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tinme differences are summed in said detecting and ag- -gregating step. 11.
The nmethod according to claim 7, wherein the signals neasuring 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
met hod according to claim7, wherein the

-4 -
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quently, the point of abutment cap 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 daalt
-with statistically. Nat only the thickness but also tha
quality of recording paper is taken into consideration.
Further, the relatjve 8ap 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-
spoading kind of recording paper can be determined
from this calculation,
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CLAINMS

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;

2 movement detection means for outputting pulse
signals proportional in number to an extent of
movement of the carriage;

an abutment decision means for integrating 2 time
difference between-each driving pulse from said
stepping motor and the pulse signals producéd by
said movement detection means in response to

moving the carriage from 2 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 2 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 adjusted 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,

S. The automatic platen gap adjusting apparatus of
claim 4, wheréin the predetermined value of the inte-
grated time difference value for deciding an abutment
state is not greater than one half of a driving pulsc pec-
iod of said stepping motor.
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6. The automatic platen gap adjusting apparatus of
cldim 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 2 platen and a print head, comprising the steps of:
driving a2 motor to move the print head from a refer-
ence position toward the.platen, thereby generat-
ing periodic motar-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 oaly
during unobstructed travel of the print head
toward the platen;
detecting and aggregating time dszerences detected
by comparing the pulses with the signals;
when the aggregatad 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
bctween the print head and the platen in response
to the generated output; and
adjusung the gap between the platen and the print
head in accordance with the calculated thickness.
+9. The method according to claim 7, whcreby the
signals generated in said geperating step are generated
by rotary encoder formed of a circular code plate and 2
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 wiob-
structed travel of the print head toward the platen.
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ABSTRACT

AUTOMATIC PLATEN GAP ADIIUSTING APPARATUS

An automatic platen gap adjusting apparatus is pro-
vided with (i) a stepping motor for moving a carriage
provided with a recording head in the direction of a
platen, (ii) a rotary encoder for producing 2 plurality of
pulse signals proportional to the rotational speed of the
motor, the rotary encoder being equipped with a detec-
tion mark on its circumference, (iii) a time differsnce
integrating device for obtaining the integrated value of
the time difference between the pulse signal from the
rotary encoder and the driving pulse of the stepping
motor, while moving the carrier from a reference posi-
tion in the direction of the platen, and (iv) an abutment
decision device for detecting whether the value thus
obtained has reached a predetermined value. The thick-
ness of the paper is calculated by a paper thickness
calculation device according to the number of pulses
produced up to the moment the signal is produced from
the abutment decision device. The apparatus of the
present invention can automatically adjust the relative
gap between the platen and the recording head with
precision while preventing press marks from appearing
on the paper.

FIGURE ¢
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