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i PRINTER CARRIAGE CONTROL DEVICE

TECHNICAL FIELD
This invention relates to the control device of a

5 printer carriage driving DC motor of the type that
performs printing -on recording media by driving the
carriage with the DC motor as in the case of a serial
printer,

BACKGROUND ART
10 FIG. 1 shows the carriage driving mechanism of a

general serial printer. The revolutions of the DC motor

1 called a carriage motor is converted lnto a linear

motion of the timing belt 5 via the pulley 3. While by

driving with the timing belt 5, the carriage 9 mounted

15 with a printing head 7 is moved, printing is carried out

with the printing head 7 on the recording media such as

paper. .

Hitherto, to control the revolution speed of the

carriage motor 1, PI control shown on FIG. 2 has been

20 generally used. This control employs a compensator 19

where the proportion element 15 having a gain K1 and the

integration element 17 having a gain K2 are combined in

parallel. On. receipt of the difference between the

revolution speed of the DC motor 1 as detected by the

25 rotary encoder 13 and the standard speed generated from

the standard speed signal generator 21, the compensator

19 controls the output of the motor 1 so as to bring its
revolution speed in line with the standard speed.

In general, to ensure a good printing quality with

30 the serial printer, the printing is performed as shown in

FIG. 3, after the revolution speed of the carriage motor

1 has regulated to the standard speed. 1In this case, the

travel distance Dl required to regulate the revolution

speed of the carriage motor 1 to the standard speed is

35 desired to be as small as possible in order to realize a

small-sized serial printer. Consequently, the revolution

speed of the carriage motor 1 is required to rise to the
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standard speed in the shortest time possible and yet to
be regulated stably with 1little overshoots or
undershoots.

In the conventional control device, however, the
5 stability and response are determined by the
characteristic of ‘the control system composed of the
compensator, DC motor and speed detector. Furthermore,
in general, the stability and response are contradictory
to each other, and' consequently, for example, giving
10 priority to the stability worsens the response, thus
there is a 1limitation in satisfying the foregoing
requirements. ' !
Furthermore, to yield a good printing quality and a
.smooth carriage run, it 1is necessary to control the
15 carriage motor to the standard revolution speed with a
high precision. 1In the conventional serial printer, the
revolution speed of the carriage motor (DC motor) is
controlled by driving it with a pulse-shaped driving
voltage, and the PWM (Pulse Width Modulation) control is
20 employed as a typical method. FIG. 4 is a block diagram
showing the conventional control. The unit 23 outputs
the standard revolution speed signal and the unit 25
generates a duty signal having the duty corresponding to
the standard revolution speed. By performing ON/OFF in
25 response to the duty signal, the driving circuit 29
converts the voltage from the DC power source 27 into a
pulse-shaped driving voltage for supply to the carriage
motor 1. The unit 25, as shown in FIG. 5(A), determines
for each PWM standard period Ty;pmy, the value of duty
30 Tpury [n] in each period, and outputs the duty signal. The
value of the duty Tpyry (n] is generally determined
according to the difference between the revolution speed
which is detected by the rotary encoder fitted to the
shaft of the carriage motor 1 and the standard revolution
35 speed.
For simplicity of the control process and so forth,
in general, the value of the PWM standard period Tyypry
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: is constant. On the other hand, to make the revolution
speéd- agree with the predetermined standard revolution
speed, the duty TpuTy [n] varies. When the duty Tpury (n]
varies as in FIG. 5, the current shown in FIG. 5 flows in

5 the carriage motor 1. Since the torgque prbduced by the
DC motor is proportional to the magnitude of the current,
such a variation of current causes a periodic pulsation
of torque. Consequently, the revolution speed agrees
with the standard revolution speed on an average. In

10 actual cases, however, as shown in FIG. 6, it varies over

and below the standard revolution speed while geneggting

a minute oscillation of the period identical to the PWM

standard period. The majority of serial printers have

plural speed modes according to the printing density.

- 15 With increase of the printing density, the standard

rotation speed becomes lower. In general, the lower the

standard revolution speed, the smaller the torque

demanded of the carriage motor 1, i.e., the value of the

current flowing in the carriage motor 1. However, at a

20 smaller standard revolution speed (though the duty Tpyqy

becomes small), the counter cmf of the carriage motor 1

is small, and as a result the current peak value is

liable to become large, magnifying the periodic pulsation

of the torque. When the standard revolution speed is

25 small as above, despite the small torque as required, a

torque more than necessary is produced because of the

large current peak value. Such a larger torque than
necessary is desired to be eliminated.

The periodic minute oscillation due to the variation

30 of torque of ‘the carriage motor 1 generates a noise. 1In

a frequency analysis of this noise a large noise peak

appears at the PWM standard frequency fwrors (= 1/Tyipra)

as shown in FIG. 7. Since the value of the PWM standard

frequency fy;ppy falls in the frequency band of several

35 kHz to several ten kHz, this noise is undesirable on the

hearing sense.

DISCLOSURE OF THE INVENTION
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The purpose of this invention is to raise the
carriage motor revolution speed quickly up to the
standard speed, and to regulate the speed stably with
little overshoots and undershoots, thus realizing a

5 further miniaturization of the printer.

A further object of this invention is to restrict
the torque generated according to the speed modes so that
the PWM-controlled carriage motor does not develop a
torque more than necessary.

10 Still a further object of the invention is to reduce
the noise caused by the PWM control of the carr%ﬁge
motor, thus realizing a printer of a further low noise.

This invention provides a control device of the
printer carriage motor revolution speed which comprises:

15 means for detecting a revolution speed of the
carriage motor;

means for generating a standard speed;

means for integrating the difference between the
detected revolution speed and the standard speed;

20 means responsive to an output value of the
integratiomeans for generating a first control signal for
controlling the revolution speed to 1lessen the
difference;

means for holding, as an optimum integration value,

25 an output value of the integration means at the time when
the revolution speed is regulated to the standard speed;

means for generating a second control signal having
a predetermined value;

means for selecting either one of the first and the

30 second control signals;

means for controlling the selecting means during an
accelerating time of the carriage motor so that the
second control signal is selected until the detected
revolution speed reaches a predetermined transfer speed,

35 and the first control speed is selected after the

transfer speed has been reached; " e
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standard speed. In general, to ensure a good printing quality with the

serial printer, the printing is perforned as showmn in FIG 3, after the
revol uti on speed of the carriage notor 1 IYas regul ated to the stanqard

speed. In this case, the travel distance D1 reqU|neﬂ”fQ regulatg ﬁhe

revol ution speed of the carriage notor 1 to the shandh ﬁﬁﬁeﬁ S d35|red

to be as small as T i

means for loading the held optimum integration value
into ‘the integration means so that the output value of
the .integration means at . the time when the detected
revolution speed has reached the transfer speed during

5 the carriage motor accelerating time agrees with the held
optimum integration value; and

means for driving the carriage control motor
according either one of the first and second control
signals selected by the selecting means.

10 According to this device, the carriage motor is
accelerated, during the interval from its start to th%‘
time when the predetermined transfer speed is reached:
according to the secondary control signal having the
predetermined value. This secondary control signal is

15 desired to have a value that permits acceleration of the
carriage motor at a maximum acceleration speed. On
reaching the transfer speed, the speed control is
performed according to the primary control signal based
on the difference between the standard speed and current

20 speed. Since in this control the optimum integration
value to make the current speed agree with the standard
value is set in the integration means as the initial
value, overshoots or undershoots can be suppressed to a
small value. Furthermore, the optimum integration value

25 is measured in this embodiment by carrying out a trial
run at the time of switching the power ON or the time of
transferring the speed mode. However, it is also
possible to predetermine the optimum integration value in
the stage of the printer production and store the value

30 in a non-volatile memory.

Furthermore as a device to PWM-control the supply
current to the carriage motor so that the revolution
speed of the printer carriage is brought close to the
standard speed, this invention provides a control device

35 comprising:

means of detecting the amount of supply current to
the carriage motor; and B
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possible in order to.realzea small-sized serial printer. Consequently,
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means of limiting the current to be supplied to the
motor- so that the amount of the detected supply current
does not exceed the current limiting value.
With this control device, the motor current can be
5 suppressed below the predetermined current limiting value
with reference to the standard speed. By setting the
current limiting wvalue appropriately according to the
speed standard, the occurrence of larger torque than
necessary can be prevented.
10 Furthermore, as a device to PWM-control the supply
current to the carriage motor so as to bring the carriage
' motor revolution speed close to the standard speed this
invention provides a carriage control device comprising:
means generating a fixed fundamental period;
15 means creating a varying period by applying
successively variables to the fundamental period; and
means performing PWM control of the supply current
by using the varying period as the PWM standard period.
Since in this device the PWM standard period varies,
20 the frequency characteristic of the noise caused by the
PWM control takes a form distributed over the variation
range of the PWM standard frequency without the
appearance of a marked peak in a fixed frequency.
BRIEF DESCRIPTION OF THE DRAWINGS
25 FIG. 1 is a schematic illustration of the carriage

driving mechanism of an ordinary serial printer;
FIG. 2 is a block diagram showing the conventional
carriage control;
FIG. 3 is a drawing showing the speed variation of
30 the carriage motor by means of the conventional carriage
control;
FIG. 4 is a block diagram showing the PWM control of
the conventional carriage motor;
FIG. 5 is a drawing showing the duty signal -and
35 carriage motor current waveform in the conventional PWM
control;
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FIG. 6 is a drawing showing the variation of the
carriage motor revolution speed in the conventional PWM
control; '

FIG. 7 1is. a drawing showing a frequency

5 characteristic of the noise caused by the speed variation
of the carriage motor;

FIG. 8 1is a block diagram showing the whole
configuration of an embodiment of this invention;

FIG. 9 is a drawing showing the configuration of the

10 current controller and driving circuit in FIG. 8;

FIG. 10A 1is 'a drawing showing the condition of
acceleration in the trial run; _

FIG. 1l0B is a drawing showing the condition of
acceleration in the actual run;

15 FIG. 11 is a drawing showing the conditions in which
the motor current is limited; and

FIG. 12 is a drawing showing the configuration of
the PWM oscillator in FIG. 8.

BEST MODES FOR CARRYING OUT THE INVENTION
20 In FIG. 8, which shows a whole configuration of the
adequate embodiment of the carriage control device
according to this invention, the standard speed register

31 holds a plurality of standard speeds corresponding to
each of a plurality of speed modes and outputs the
25 corresponding standard speed 35 on receipt of a speed
mode selecting data 33, The standard speed 35 is applied
to one of the input terminals of the subtracter 37. To
the other input terminal of the subtracter 37 the output
data 41 of the counter 39 is applied. This counter 39
30 receives clock pulses 45 of a predetermined frequency at
its clock terminals CK from the clock oscillator 43, and
a pulse signal 47 having a frequency corresponding to the
motor revolution speed at its clear terminals from the
rotary encoder 13. The frequency of the clock pulse 45
35 is sufficiently high as compared with that of the pulse
signal 47. Ihe counter 39 counts the number of the clock
pulses 45 included in each period of the pulse signals 47




to the standard revol ution speed with a high precision. In the conventional
serial printer, the revolution speed of the carriage notor (DC notor) is
controlled bymdhmmi“fwanmm@m a pul se-shapd driving voln

%ge;wang.tQQ ﬁﬁmﬁ
(Pul se Wdth ntrol is enployed as a typi ca!i H&HHH&LE’}-GJE@ ils
a bl ock diagr conventional control. The unit 23 RHPUED t he
standard revo on spee S|gnal and the unit 25 generates a duty St gnal
haV|ng the duty correspondi ng

i.e., the current speed of the carriage motor 1, and
sends" this current speed 41 to the subtracter 37.

In the subtracter 37, the deviation 49 of the
current speed 41 from the standard speed 35 is computed.

5 This deviation 49 is sent to the proportional arithmetic
unit 15 and integrator 17. The proportional arithmetic
operation unit 15 performs a proportional operation of
gain K1 for the deviation 49, and stores the operation
result 51 in the register 53. The integrator 17 performs

10 an integration operation of gain K2 for the deviation 49,

" and stores the operation result ‘55 in the register 47,

The results of proportional and integration
operations 51 and 55, which are stored in the registers
53 and 57, are added together by the adder 59. The

15 output data of the adder 59 shows the duty (corresponds
to Tpypy in FIG. 5A) computed by the PI control on the
basis of the deviation 49.

The thus computed duty 61 is applied to one of the
input terminals of the selector 63. To the other input

20 terminal of this selector 63 a predetermined duty stored
in the duty register 65 is applied. The predetermined
duty means, for example, the value corresponding to the
duty ratio of 100%, i.e., a value equal to the PWM
standard period (equivalent to the PWM standard period

25 (equivalent to the Turpry in FIG. 5A). The selector 63
selects either one of the duty 61 computed according to
the logical value of the output signal of the AND gate 69
and the predetermined duty 67 and sends it to the counter
73.

30 The selected duty 71 is applied to the preset
terminal P of the counter 73. To the load terminal L of
the counter 73 the PWM standard pulse 77 is applied,
which is generated from the PWM oscillator 75 for each
PWM standard period. Thus, for each PWM standard period,

35 the count value of the counter 73 is preset to the
selected duty 71, and the count-down from the preset duty
71 is carried out in synchronism with the clock pulses 45
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out puts the duty S|gnal The val ue of the duty T[err] is generally
detern1ned according to the difference

from the clock oscillator 43. When the count value as

counted down reaches =zero, i.e. when the time

corrééponding to the preset duty 71 elapses, the carry

signal 79 is output from the carry-out terminals CO of
5 the counter 73.

By the carry 'signal 79 from the counter 73, the
flip—flop 81 is reset by the PWM standard pulse 77 sent
from the PWM oscillator 75. Therefore, the output signal
83 of the flip-flop 81 forms the duty signal 83 having

10 the duty equal to the PWM standard period and the
" selected duty 71. _

The waveform of-the duty signal 81 output from the
flip-flop 81, like the waveform shown in FIG. 53, shows a
high level during the selected duty 71 alone and a low

15 1level during the remaining time within each PWM standard
period. The duty signal 81 is applied to the distributor
85. According to the run control data 87 from the run
controller 89 that indicates the ON/OFF and direction of
revolution of the carriage motor 1, the distributor 85
20 distributes the duty signal 81 to the first paired pulses
9la, 914 or 2nd paired pulses 91b, 91lc among the ¢
driving pulses 9l1a-91d. These driving pulses 91a-91d are
sent to the current controller 93, where they are
corrected according to the speed mode. The corrected
25 driving pulses 95a-95d are applied to the driving circuit
29. The driving circuit 29, as shown in FIG. 9, includes
the paired switching transistors 97a, 974 which control
the current for the positive revolution of the carriage
motor 1 and the paired switching transistors 97b, 97c¢
30 which control the current for the reverse revolution of
the carriage motor 1. On receipt of the respectively
corrected driving pulses 95a, 954, 95b, 95c, the
switching transistors 97a, 974, 97b, 97c control the
amount of current supplied to the motor 1, thereby
35 controlling the revolution speed of the carriage motor 1.
As already stated, the selector 63 selects either one of
the duty 61 computed by the PI control method or the duty
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67 of a fixed value. Whichever is to be selected is
determined by the wvalue of the output signal 70 of the
AND gate 69. To the AND gate 69, the output signal 101
is applied from the flip-flop 99 and the control signal
5 105 from the initializing controller 103. When the power
switch 107 of the printer is turned ON, or when the speed
mode transfer is made by the speed mode select data 33,
the initializing controller 103 turns the control signal.
to the low level and also make the carriage run in the
10 predetermined direction for the predetermined interval
(for example, the direction of normal revolution of motor
1) by instructing the travel controller 89. The run at
this time is called a trial run in this specification.
In the trial run, the ouéput signal 70 of the AND gate 69
15 1is at the low level, and at this time, the selector 63
selects the PI control duty 61. That is, in this trial
run, the speed of the carriage motor 1 is controlled by

the PI control.
Furthermore, in the trial run the position counter
20 108 counts the position pulse 47 coming from the encoder
13 and detects the current position 111 of the carriage.
The detected current position 111 of the carriage is
input to the comparator 113, where it is compared with
the predetermined position 117 from the position register
25 115. As the predetermined position 117, the position
where the motor speed in the trial run has reached and
has been regulated securely to the standard speed is
selected. When the current carriage position 111 reaches
this predetermined position 117, a high level signal 119
30 1is applied from the comparator 113 to the strobe terminal
ST of the optimum-value register 121. Then the optimum
value register 121 accepts the integrated value 55 from
the integration circuit 17, and holds it thereafter. The
integrated value held in the optimum value register 121
35 is called the optimal integrated value hereunder. This
optimal integrated value is, in short, the integrated
value when the control has become stable in the case of
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average. |In actual cases, however, as shown in FIG 6, it
bel ow t he standard revol uti on speed while

the carriage speed control performed by the PI control
method.
When the trial run is £finished, the initializing
controller 103 turns the control signal 105 to high
5 1level. In this state, the run controller 89 controls the
start, stop and turning direction of the carriage motor 1
accbrding to the instructions 123 from the external host
computer. The carriage run at this time is called an

variation of curr
h the standard revol ution |speedRERLAGED

arie€s over and

actual run hereunder. This actual run means the carriage
10 run when the printing is performed following the
directions from the host computer.

In this actual run, solely the duty selection in the
selector 63 is determined by the output signal 101 of the
flip-flop 99. The £flip~-flop 99 is set by the signal 125

15 sent from the run controller 89 each time when printing
of each line is started. Thereby the output signal 70 of
the AND gate 69 becomes a high level, and the selector 63
selects the fixed duty (a value equivalent to 100% duty
ratio) from the duty register 65, so that the

20 acceleration of the carriage motor 1 will be performed
with a maximum acceleration.

When the carriage motor 1 is accelerated with a
maximum acceleration, the counter 338 detects the current
speed, and the detected current speed 41 is sent to the

25 comparator 127 for comparison with the transfer speed 131
sent from the transfer speed generator 129. | As the
transfer speed 131 is selected an appropriate value
slightly lower than the standard speed 35. When the
current speed 41 reaches the transfer speed 131, the

30 flip-flop 99 is reset by the output signal 133 of the
comparator 127. Thereby the output signal 70 of the AND
gate 69 is switched to a low level, and the selector 63
will select the duty 61 that follows the PI control. At
the same time, the output signal'133 from the comparator

35 127 is applied to the load terminal L of the integrator,
and the optimum integrated value 135 is loaded from the
optimal register 121 onto the integrator 17 as the
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- initial integrated value. Thereafter the speed control

of the carriage motor 1 will be made according to the PI
control. .
The acceleration condition of the carriage motor 1
5 in the trial run in this embodiment is shown in FIG. 10Aa,
and the acceleration conditions of the same in the actual
run is shown in FIG. 10B.

Referring to FIG. 10A, the speed of the carriage.

motor 1 in the trial run is controlled by the same PI
10 control the same. as in the former case. In the
) predetermined position D2, where the revolution speed is
regulated to the standard speed, the integrated value in
the integrator at this time is stored as the optimum
integrated value. Regarding the travel distance required
15 for the trial run, the short distance including that from
the start to the predetermined position D2 is sufficient.
After completion of the ¢trial run, an actual run
accompanied by printing is carried out. Referring to
FIG. 10B, the carriage motor is in the actual run, is
20 accelerated at the maximum acceleration in the region
(Area 1) until the motor reaches the transfer speed V1 a
little lower than the standard. speed. In the region
(Area 2) after the motor has reached the transfer speed
V1, the speed control is made by the PI control taking
25 the optimum integrated value as the initial integrated
value. As a result, the motor revolution speed reaches
the standard speed in a short time, and further, is
regulated stably without overshoots and undershoots, thus
contributing to the miniaturization of serial printers.
30 FIG. 8 shows the configuretion of the current
controller 93 in FIG. 8. '

This current controller 93 includes a current
limiting value selector circuit 141 and a plurality of
transistors 143a-143d corresponding respectively to each

35 speed mode that is selectively turned ON according to the
results of the decoding., Each of the transistors 143a-
1438 is connected between the resistors 145a-145d4, each
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- having different resistance, and the ground. These

resistors 145a-145d are connected to each other at the
node 149, and between the node 149 and the power supply
Veer @ resistor 147 is connected. Therefore, depending

5 on the speed mode as selected, different voltages appear
at the node 149.  The voltage value at this node 149
means the current 1limiting wvalue that specifies the
maximum limit of the current to flow through the motor 1.
This current limiting value is applied to the comparator

10 151 where it is compared with the current value of the
motor 1 as detected with the resistor 153. By the output
signal of the comparator 151, the gates 155 and 157 for
transmitting the driving pulses 91b and 91c to the
driving circuit 29 are ON/OFF controlled.

15 When the current value of the motor 1 is smaller
than the current limiting value, the output signal of the
comparator 151 is at a high level, and the gates 155 and
157 open and transmit the "driving pulses 91a-91d to the
driving circuit 29. Consequently a current is supplied

20 to the motor 1 according to the driving pulses 91a-91d.
On the other hand, when the motor current value is about
to exceed the current limiting value, the output signal
of the comparator 151 becomes a low level, and the gates
155 and 157 close and obstruct the driving pulses 91b and

25 91c, thereby interrupting the current supply to the
motor. |

As a result, as shown in FIG. 11, the motor current
is limited to the current 1limiting wvalue Iihn or less.
The current 1limiting wvalue in each speed mode is

30 determined by the maximum torque required in each speed

mode. the example of this current 1limiting value is
shown in TABLE 1.
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The periodic mnute oscillation due to the variation of torque of the
carri age nDtor_l_generaLes_a_noise In a frequency analysis of this noise a

| ar ge noi se pe el ears at the PWM standdrd frequency f[err] (= 1/T [err )
as shown in FI dvalue of the PWM standard egggqﬁﬁ' x TEEN
falls in the fr f several kHz to several te g|$0|s
I s undesirable | sense.
TABLE 1
Standard revolutin speed {Current limiting value
(rpm) (B)
5 .
500" 1
750 1.2
1000 1.5
1250 1.
10 ’

‘ Further, as shown in TABLE 2, the current limiting
value may be changed for each predetermined standard-
speed range.

TABLE 2
15
Standard revolutin speed |Current limiting value
(rpm) | (R)
500 1.2
750 1.2
20 -
1000 1.7
1250 1.7

Limiting the motor current according to the standard

25 current in this way can prevent occurrence of unnecessary

torque, and alleviate the oscillation of the carriage
driving mechanism caused by the torque variation.

FIG. 12 shows the configuration of the PWM

oscillator in FIG. 8 This PWM oscillator 75 contains a

30 register 161 that stores the predetermined value of the

PWM fundamental period, and a plurality of variable-value

latches 165a-165g that store the values of different

periodic variables respectively. One of these variable-

value latches 165a-165g is selected by the decoder 163,

35 and from the selected variable-value latch the periodic

variable 167 is output. This periodic variable 167 is

. input to the adder 171 where it is added to the value of
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the fundamental period 169 from the PWM basic register
161. - The result of this addition is applied to the
preset terminal P of the counter 175 as a value of the
PWM standard period 173, and is loaded on to the counter
5 175 when this counter 175 outputs a carry signal 177.
The counter 175, in synchronism with the clock pulse 45,
performs the count-down from the preset PWM standard
period value 175. When the count value reaches zero, the
carry signal 177 is output, that is, every time when the
10 PWM standard period elapses, the carry signal 177 is
: output. The carry signal 177 is, as the PWM standard
pulse 77, applied to the counter 73 and the £flip-flop 81.
The carry signal 177 is further sent also to the
clock pulse terminal CK of the counter 179, and varies
15 the count wvalue of the counter 179. Then, the decoder
163 selects another variable-value latch and the value of
periodic variable 167 changes to another wvalue. As a
result, the PWM standard period is not constant but
varies. Therefore, the frequency characteristic of the
20 noise due to the variation of the motor torque in the PWM
control does not take a form having a marked peak at a
specific frequency, but a form having relative low gentle
peaks dispersed over the variation range of the PWM
standard period, and therefore its effect on the hearing
25 sense can be alleviated. The foregoing will explain an
optimal embodiment of this invention, however, this
invention is not to be limited to this embodiment, but
includes various deformations within the 1limits not

deviating from its substance.
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- 2 - DI SCLOSURE OF THE | NVENTI ON The purpose of this inventionis to raise
the carri.age notor.revolution speed quickgé%up to the standard-speed;--and--

roaii 2ino. J NAABTIOHRD AN 2=t o of Enc arTnrer” * ””dﬁ{lﬁiﬁ‘)‘i’ﬁﬁ‘?ﬁl“

CLAIMS:

1. A device for controlling the revolution speed of
a printer carriage motor, comprising:

means for detecting a revolution speed of said
carriage motor;

means for QEnerating a standard speed;

means for integrating a difference between the
revolution speed as detected and the standard speed;

means responsive to an output value of said
integration means for generating a first control signal
for controlling the revolution speed;

means for holding, as an optimum integration
value, an output value of said integration means at the
time when the revolution speed is regulated to the
standard speed;

means for generating a second control signal
having a predetermined value;

means for selecting either one of the first
control signal and the second control signal;

means for controlling said selecting means
during the acceleréting time of said carriage motor, so
that the second control signal is selected until the
detected revolution speed reaches a " predetermined
transfer speed, and that the first control signal is
selected after the transfer speed is reached;

means for loading the held optimum integration
value into said integration means so that the output
value of said integration means at the moment when the
detected revolution speed has reached the transfer speed
during the carriage motor aécelerating time agrees with
the held optimum integrated value; and

~means for driving said carriage motor according
to one of the first and seéond control signals selected
by said selecting means.

2. A carriage control device as claimed in claim 1,
wherein the predetermined value of the second control



This i nvention provides a control device of the printer carriage notor
revol uti on-speed-whi ¢ conpri ses: nmeans f detecting a revolution speed of

the carriag generating a standard speed; r-reans—f-er
i'nt egrat i ngﬂlmmlulu’WEﬁUMet ween the detected revol ution E@'éeﬂHEaﬁTdHM@EEN
standard spedd; ¢ * REPLACED

signal represents accelerating said carriage motor at the
maximum acceleration speed.

3. A carriage control device having a PWM control
unit controlling the current supplied to a printer
carriage motor to bring a revolution speed of the printer
carriage motor close to a standard speed, comprising:

means for generating selectively one of a
plurality of standard speeds;

means for generating a predetermined current
limiting value corresporiding to the selectively generated
standard speed;

means for detecting the current supplied to said
carriage motor; and

means for limiting the current supplied to said
motor so that a detected value of the current does not
exceed the generated current limiting value. |

4. A carriage control device having a PWM-control
unit controlling a current supplied to a printer carriage
motor to bring a revolution speed of the printer carriage
motor ciqse to a standard speed, comprising:

means for generating a constant fundamental
period;

means for creating a varying period by
associating different variable quantities successively
with the standard period; and

means for executing PWM control of said supply
current by using the varying period as a PWM standard
period. '
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means responsive to an output val ue of the'integrationeans for generating a-

first control signal for controlling the.ﬂivolution speed to | essen the

di fference; neans for holding, as an optitimintegration v ]ﬂﬁé ’ﬁﬂhgfﬁ
value of the integration nmeans at the tinme when the revol utji §§g€ EEN
regul ated to the standard speed:; EPLACGED

ABSTRACT OF THE DISCLOSURE
A device for PWM control of the printer carriage

motor (1) which has a circuit (65) for generating a first
PWM pulses of 100% duty ratio, a circuit for computing
5 second PWM pulses (31, 37, 39, 15, 17, 53, 57, 59)
according to the  PI control method based on the
difference between the motor current speed and the
predetermined standard speed, and a circuit (121) for
holding the optimum integrated value for controlling the
10 motor current speed agree with the standard speed. Until
‘the motor current speed reaches a predetermined transfer
speed slightly 1lower than the standard speed, the
carriage motor is accelerated with the maximum
acceleration according to the first PWM pulses, when the
15 transfer speed is reached, the optimum integrated value
is set as the initial integrated value of the PI control,
and thereafter the speed control is carried out according
to the PI control method. In this PWM control, the
current supplied to the carriage motor is controlled so
20 as not to exceed a current limiting value predetermined
according to the standard speed. Furthermore, the PWM
standard period is purposely varied.

25
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means for generating a second control signal having a predeterm ned val ue;
means for selecting either one of the first and thesecond control signals;
means for controlling the selecting nmeans during an acceleratlng time of

the carriage notor so that the second control signal is sel gdsm@ﬁl 5%§§EN
detected revol uti on speed reaches a pog/%égrn1ned transfer peedR [%%

first control
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speed is selected after the transfer speed has been reached; neans for

| oading the held optinmumintegration value into the integration neans so
that the output value of the integration neans at the tinme when the
detected revol ution speed has reached the transfer speed dtéLi”qg the, s> bren
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means for driving the carriage control notor according either one of the
first and second control signals selected by the selecting neans. According
to this device, the carriage notor is accel erated, during t$QH“p@ﬂE gAgrﬁﬁN
its start to the tine when the predeterm ned transfer speedLLan3§§ﬁa !
aceording to the secondary control signal having the predet & e
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This secondary control signal is desired to have a value that permts
acceleration of the carriage notor at a maxi num accel erati on-speed.

reaching the transfer speed, the speed control is performed atii8rSHERY WAS BEEN
the primary control signal based on the difference between the st@gﬁ@m@
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overshoots or undershoots can be suppressed to a small val ue. Furthernore,
the optimumintegration value is neasured in this enbodi nent by carrying

out a trial

transferring the speed node.

the optimumintegration value in the
store the value in a non-volatile ne
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BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic illustration of the
carriage driving nechanismof an ordinary serial printer; FIG 2 is a block
di agram showi ng the conventional . carriage control; FIG 3 is a draw ng
showi ng the speed variation of the carriage nmotor by neans{ 8 cl&e-cr 11ra
conventional carriage control; Pris Q%"' HAS BEEN
6/8 _ REPLACED
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FIG 4 is a block diagramshow ng the PWM control of the conventi onal
carriage notor; FIG 5 is a drawing show ng the duty signal riage

not or current waveformin the conventional PWM control; FIG |@HiSsSHERT #aé rBEEN
showi ng the variation of the carriage g)to revol ution speed|in tREPLACED
coaventional PW control; FIG 7 is a r/ ng show ng a frequercy
characteristic of the noise caused by the speed variation of the carriage
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motor; FIG 8 is a block diagram show ng the whol e configuration of an
enbodi ment of this invention; FIG 9 is a drawi ng showi ng the configuration

of the current controller and driving circuit in FIG 8; Fl’ “H Khe N |
drawi ng showi-ng the condition of acceleration in the trial gbﬂ s el }
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ng show ng the confi gurpat
FOR CARRYI NG QUT THE | N

tun; FIG 11 is a draw ng s_,hovm
is limted; and FmsS a Begn B
osmllator in FIG Hl
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PRINTER CARRIAGE CONTROL DEVICE

TECHNICAL FIELD
This invention relates to the control device

printer carriage driving DC motor of the type

of a'
that

performs printing ‘on recording media by driving the

carriage with the DC motor as in the case of a serial

printer.
BACKGROUND ART

FIG. 1 shows the carriage driving mechanism of a

general serial printer. The revolutions of the DC motor

1 called a carriage motor is converted 1nto a linear
motion of the timing belt 5 via the pulley 3. While by
driving with the timing belt 5, the carriage 9 mounted

with a printing head 7 is moved, printing is carried out

‘with the printing head 7 on the recording media such as

paper.

Bitherto, to control the revolution speed of the

carriage motor 1, PI control shown on FIG. 2 has been
generally used. This control employs a compensator 19

where the proportion element 15 having a gain K1 and the

integration element 17 having a gain K2 are combined in
parallel. On receipt of the difference between the
revolution speed of the DC motor 1 as detected by the
rotary encoder 13 and the standard speed generated from

the standard speed signal generator 21, the compensator

19 controls the output of the motor 1 so as to bring its

revolution speed in line with the standard speed.

In general, to ensure a good printing quality with

the serial printer, the printing is performed as shown in

FIG. 3, after the revolution speed of the carriage motor
1 has regulated to the standard speed. 1In this case, the
travel distance D1 required to regulate the revolution
speed of the carriage motor 1 to the standard speed is
desired to be as small as possible in order to realize a
small—sized'serial'printer. Consequently, the revolution
speed of the carriage motor 1 is required to rise to the

}
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I n FI G—8;—whi-eh-shows-a whol e configuration of the adequaté enbodi nent of

the cagl devi ce_according-te—+Ri s invention, tpErstangard-speed
regi S?‘éx{sb 80k lacTdﬁral iTHYS GHEBTE HABABEEN lpeeds cor r espondi REPEALEAEAH éﬂhrﬂ'
pl ur al IH’M B l mdes gnd ouppMiAsED he correspondi ng stard _ N
recei pt de sé€ i —The standard spded 3% 4 &apph? ed

to one of the input termnals of the subtracter 37. To the jotjher 1 nput
term nal of the subtracter 2 . '

standard speed in the shortest time possible an@—yet—to
be regulated stably with 1little overshoots or
undershoots. .

In the conventional control device, however, the
stability and response are determined by the
characteristic of the control system composed of the
compensator, DC motor and speed detector. Furthermore,
in general, the stability and response are contradictory
to each other, and consequently, for example, giving
priority to the stability worsens the response, thus
there is a 1limitation in satisfying the fgregoing
requirements. ' !

Furthermore, to yield a good printing quality and a
.smooth carriage run, it is necessary to control the
carriage motor to the standard revolution speed with a
high precision. 1In the conventional serial printer, the
revolution speed of the carriage motor (DC motor) is
controlled by driving it with a pulse-shaped driving
voltage, and the PWM (Pulse Width Modulation) control is
employed as a typical method. FIG. 4 is a block diagram
showing the conventional control. The unit 23 outputs

.the standard revolution speed signal and the unit 25
generates a duty signal having the duty corresponding to
the standard revelution speed. By performing ON/OFF in
response to the duty signal, the driving circuit 29
conve;ts the voltage from the DC power source 27 into a
pulse-shaped driving voltage for supply to the carriage
motor 1. The unit 25, as shown in FIG. 5(A), determines
for each PWM standard period Tyrpryr the value of duty
Toury[n] in each period, and outputs the duty signal. The
value of the duty Thury(n) is generally determined
according to the difference between the revolution speed
which is detected by the rotary encoder fitted to the
shaft of the carriage motor 1 and the standard revolution
speed.

For simplicity of the control process and so forth,

in general, the value of the PWM standard period TwipTh
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is constant. On the other hand, to make the revolution
speed agree with the predetermined standard revolution
speed, the duty Tpyqy(,) varies. When the duty Tpypy(q;
varies as in FIG. S5, the current shown in FIG. 5 flows in
the carriage motor 1. Since the torque produced by the
DC motor is proportional to the magnitude of the current,
such a variation of current causes a periodic pulsation
of torque. Consequently, the revolution speed agreeé
with the standard revolution speed on an average. In
actual cases, however, as shown in FIG. 6, it varies over
and below the standard revolution speed while generatlng
a minute oscillation of the period identical to the _PWM
standard period. The majority of serial printers have
plural speed modes according to the printing density.
With increase of the printing density, the standard
rotation speed becomes lower. In general, the lower the
standard revolution speed, the smaller the torque
demanded of the carriage motor 1, i.e., the value of the
current flowing in the carriage motor 1. BHowever, at a
smaller standard revolution speed (though the duty Ty gy
becomes small), the counter cmf of the carriage motor 1
is small, and as a result the current peak value is
liable to become large, magnifying the periodic pulsation
of the torque. When the standard revolution speed is
small as above, despite the small torque as requi;ed,‘é
torque more than necessary is produced because of the
large current peak value. Such a larger torque than
necessary is desired to be eliminated.

The periodic minute oscillation due to the variation
of torque of ‘the carriage motor 1 generates a noise. 1In
a frequency analysis of this noise a large noise peak
appears at the PWM standard frequency f ipog (= l/TWIDTH)
as shown in FIG. 7. Since the value of the PWM standard
frequency fwippe f£alls in the frequency band of several

kHz to several ten kHz, this noise is undesirable on the
hearing sense.

DISCLOSURE OF THE INVENTION
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The purpose of this invention is to raise the
carriage motor revolution speed quickly up to the
standard speed, and to regulate the speed stably with
little overshoots and undershoots, thus realizing a
further miniaturization of the printer.

A further object of this invention is to restrict
the torque generated according to the speed modes so that
the PWM-controlled carriage motor does not develop ‘a
torque more than necessary.

Still a further object of the invention is-to reduce
the noise caused by the PWM control of the carr%§ge
motor, thus realizing a printer of a further low noise.

This invention provides a control device of the
printer carriage motor revolution speed which comprises:

means for detecting a revolution speed of the
carriage motor; |

means for generating a standard speed;

means for integrating the difference between the
detected revolution speed and the standard speed;

meanhs responsive to an output wvalue of the
integratiomeans for generating a first control signal for
controlling the revolution speed to lessen the
difference; |

means for holding, as an optimum integration wvalue,*
an output value of the integration means at the time when
the revolution speed is regulated to the standard speed;

means for generating a second control signal having
a predetermined value;

means for selecting .either one of the first and the
second control signals;

means for controlling the selecting means during an
accelerating time of the carriage motor so that the
second control signal is selected until the detected
revolution speed reaches a predetermined transfer speed,
and the first control speed is selected after the
transfer speed has been reached;
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means for loading the held optimum integratidmvatue
into the integration means so that the output value of
the integration means at .the time when the detected
revolution speed has reached the transfer speed during
the carriage motor accelerating time agrees with the held
optimum integration value; and

means for driving the carriage control motor
according either one of the €first and second control.
signals selected by the selecting means.

According to this device, the carriage motor is

accelerated, during the interval from its start to th%‘

time when the predetermined transfer speed is reached,
according to the secondary control signal having the
predetermined value. This secondary control signal is
desired to have a value that permifs'acceleration of the
carriage motor at a maximum acceleration speed. On
reaching the transfer speed, the speed control is
performed according to the primary control signal based
on the difference between the standard speed and current
speed. Since in this control the optimum integration
value to make the current speed agree with the standard
value is set in the integration means as the initial
value, overshoots or undershoots can be suppressed to a
small value. Furthermore, the optimum integration value
is measured in this embodiment by carrying out a trial
run at the time of switching the power ON or the time of
transferring the speed mode. However, it 1is also
possible to predetermine the optimum integration value in
the stage of the printer production and store the value
in a non-volatile memory.

Furthermore as a device to PWM-~control the supply
current to the carriage motor so that the revolution
speed of the printer carriage is brought close to the
standard speed, this invention provides a control device
comprising:

means of detecting the amount of supply current to
the carriage motor; and



aproportional operation of gain Kl for the deviation 49,

andst orest heoperation result 51 inthe register 53. The int gﬁéﬁﬂﬂgE@z“T SHEET
‘perforns an integration operation of gain K2 for the devia
stores the operaLLan result 55 in the register 57. The resul ts.of

proportional and_i. ation operatlgns 51 and 55, which age stbf d®F il 31
regi sters 53 and % get her by the adder 59. Theloutp
N rresponds to T[err] in FIG {5A

t he adder 59 sho

means of limiting the current to be supplied to the
motor- so that the amount of the detected supply current
does not exceed the current limiting value.

With this control device, the motor current can be
suppressed below the predetermined current limiting vaiue
with reference to ‘the standard speed. By setting the
current 1limiting value appropriately according to the
speed standard, the occurrence of larger torque than
necessary can be prevented. |

Furthermore, as a device to PWM-control the supply
current to the carriage motor so as to bring the carriage
motor revolution speed close to the standard speed this
invention provides a carriage control device comprising:

means generating a fixed fundamental period;

means creating a varying period by applying
successively variables to the fundamental period; and

means performing PWM control of the supply current
by using the varying period as the PWM standard period.

Since in this device the PWM standard period varies,
the frequency characteristic of the noise caused by the
PWM control takes a form distributed over the variation
.range of the PWM standard frequency without the
appearance of a marked peak in a fixed frequency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of the carriage

driving mechanism of an ordinary serial printer;

FIG. 2 is a block diagram showing the conventional
carriage control;

FIG. 3 is a drawing showing the speed variation of
the carriage motor by means of the conventional carrlage
control;

FIG. 4 is a block diagram showing the PWM control of
the conventional carriage motor;

FIG. 5 is a drawing showing the duty signal and

carriage motor current waveform in the conventional PWM
control;
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FIG. 6 is a drawing showing the variation of the
carriage motor revolution speed in the conventional PWM
‘control; ' S

FIG. 7 is. a drawing showing a frequency
characteristic of the noise caused by the speed variation
of the carriage motor;

FIG. 8 is a block diagram showing the whole
configuration of an embodiment of this invention;

FIG. 9 is a drawing showing the configuration of the
current controller and driving circuit in FIG. 8;

FIG. 10AR is a drawing showing the condition of
acceleration in the trial run;

FIG. 1l0B is a drawing showing the condition of
acceleration in the actual run;

FIG. 11 is a drawing showing the conditions in which
the motor current is limited; and

FIG. 12 is a drawing showing the configuration of
the PWM oscillator in FIG. 8.

BEST MODES FOR CARRYING OUT TEE INVENTION

In FIG. 8, which shows a whole configuration of the
adequate embodiment of the carriage control device
according to this invention, the standard speed register
31 holds a plurélity of standard speeds corresponding to
each of a plurality of speed modes and outputs tke
corresponding standard speed 35 on receipt of a speed
mode selecting data 33, The standard speed 35 is applied
to one of the input terminals of the subtracter 37. To
the other input terminal of the subtracter 37 the output
data 41 of the counter 39 is applied. This counter 39
receives clock pulses 45 of a predetermined frequency at
its clock terminals CK from the clock oscillator 43, and
a pulse signal 47 having a. frequency corresponding to the
motor revolution speed at its clear terminals from the
rotary encoder 13. The frequency of the clock pulse 45
is sufficiently high as compared with that of the pulse
signal 47. The counter 39 counts the number of the clock
pulses 45 included in each period of the pulse signals 47
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i.e., the current speed of the carriage motor 1, and
sends' this current speed 41 to the subtracter 37.

In the subtracter 37, the deviation 49 of the
current speed 41 from the standard spéed 35 is computed.
This deviation 49 is sent to the proportional arithmetic
unit 15 and integrétor 17. The proportional arithmetic
operation unit 15 performs a proportional operation of
gain K1 for the deviation 49, and stores the operation
result 51 in the register 53. The integrator 17 performs
an integration operation of gain K2 for the deviation 49,
and stores the operation result ‘55 in the register 47.

The results of proportional and integration
operations 51 and 55, which are stored in the registers
53 and 57, are added together by the adder 59. The
output data of the adder 59 shows the duty (corresponds
to Tpypy in FIG. 5A) computed by the PI control on the
basis of the deviation 49. |

The thus computed duty 61 is applied to one of the
input terminals of the selector 63. To the other input
terminal of this selector 63 a predetermined duty stored
in the duty register 65 is applied. The predetermined
éuty means, for example, the wvalue corresponding to the
duty ratio of 100%, i.e., a value equal to the PWM
standard period (equivalent to the PWM standard peried
(equivalent to the Tyrprg it FIG. 5A). The selector 63
selects either one of the duty 61 computed according to
the logical value of the output signal of the AND gate 69
and the predetermined duty 67 and sends it to the counter
73.

The selected duty 71 is applied to the preset
terminal P of the counter 73. To the load terminal L of
the counter 73 the PWM standard pulse 77 is applied,
which is generated from the PWM oscillator 75 for each
PWM standard period. Thus, for each PWM standard period,
the count value of the counter 73 is preset to the
selected duty 71, and the count-down from the preset duty
71 is carried out in synchronism with the clock pulses 45
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from the clock oscillator 43. When the count value as
counted down reaches zero, i.e. when the time
corrééponding to the preset duty 71 elapses, the carry
signal 79 1is output from the carry-out terminals CO of
the counter 73.

By the carry 'signal 79 from the counter 73, the
flip-flop 81 is réset by the PWM standard pulse 77 sent

from the PWM oscillator 75. Therefore, the output signal

83 of the flip-flop 81 forms the duty signal 83 having
the duty equal to the PWM standard period and the
selected duty 71.

The waveform of-the duty signal 81 output from the
flip-flop 81, like the waveform shown in FIG. 5A, shows a
high level during the selected duty 71 alone and a low
level during the remaining time within each PWM standard
period. The duty signal 81 is applied to the distributor
85. According to the run control data 87 from the run
controller 89 that indicates the ON/OFF and direction of
revolution of the carriage motor 1, the distributor 85
distributes the duty signal 81 to the first paired pulses
9la, 914 or 2nd paired pulses 9lb, 9lc among the 4
driving pulses 91a-91d. These driving pulses 91a-91d are
sent to the cd:rent. controller 93, where they are
corrected according to the speed mode. The corrected
driving pulses 95a-95d are applied to the driving circuit
29. The driving circuit 29, as shown in FIG. 9, includes
the paired switching transistors 97a, 974 which control
the current for the positive revolution of the carriage
motor 1 and the paired switching transistors 97b, 97c¢
which control the current for the reverse revolution of
the carriage motor 1. On receipt of the respectively
corrected driving pulses 95a, 954, 95b, 95¢, the
switching transistors 97a, 97d, 97b, 97c¢ control the
amount of current supplied to the motor 1, thereby
controlling the revolution speed of the carriage motor 1.
As already stated, the selector 63 selects either one of
the duty 61 computed by the PI control method or the duty



signal 79 is output fromthe carry- out terninals CO of the
the carry signal 79 fromthe Counrpr dﬁ% flip-flop 81 i

P REPCACEVEN T SHEET
Il ator 75. There o

PWM st @rigidhedt Heau BesreRepliced ent 1 of-e—tte
out put e fli -f I opR@DJ,_ACEﬂrrB tHe duty signal 8§ a\qf HQueahaasy
duty eq st and ett+od—and t he sel ected duty ’1 : '

10 g

67.of a fixed value. Whichever is to be selected is
determined by the value of the output signal 70 of the
AND gate 69. To the AND gate 69, the output signal 101
is applied from the flip-flop 99 and the control signal
105 from the initializing controller 103. When the power
switch 107 of the ﬁ:inter is turned ON, or when the speed
mode transfer is made by the speed mode select data 33,
the initializing controller 103 turns the control signal.
to the low level and also make the carriage run in the
predetermined direction for the predetermined interval
(for éxample, the direction of normal revolution of motor
1) by instructing the travel controller 89. The run at
this time is called a trial run in this specification.
In the trial run, the'ouﬁput signal 70 of the AND gate 69
is at the low level, and at this time, the selector 63
selects the PI control duty 61. That is, in this trial
run, the speed of the carriage motor 1 is controlled by
the PI control.

Furthermore, in the trial run the position counter
108 counts the position pulse 47 coming from the encoder
13 and detects the current position 111 of the carriage.
The detected current position 111 of the carriage is
input to the comparator 113, where it is compared with
the predetermined position 117 from the position registar
115. As the predetermined position 117, the position
where the motor speed in the trial run has reached and
has been regulated securely to the standard speed is
selected. When the current carriage position 111 reaches
this predetermined position 117, a high level signal 119
is applied from the comparator 113 to the strobe terminal
ST of the optimum-value register 121. Then the optimum
value register 121 accepts the integrated value 55 from
the integration circuit 17, and holds it thereafter. The
integrated value held in the optimum value register 121
is called the optimal integrated value hereunder. This
optimal integrated value is, in short, the integrated
value when the control has become stable in the case of
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the carriage speed control performed by the PI control
method.

When the trial run is finished, the initializing
controller 103 turns the control signal 105 to high
level. In this state, the run controller 89 controls the
start, stop and turning direction of the carriage motor 1
according to the instructions 123 from the external host
computer. The carriage run at this time is called an
actual run hereunder. This actual run means the carriage
run when the printing is performed following the
directions from the host computer.

In this actﬁal run, solely the duty selection in the
selector 63 is determined by the output signal 101 of the
flip-flop 99. The flip-flop 99 is set by the signal 125
sent from the run controller 89 each time when printing
of each line is started. Thereby the output signal 70 of
the AND gate 69 becomes a high level, and the selector 63
selects the fixed duty (a value equivalent to 100% duty
ratio) from the duty register 65, so that the
acceleration of the carriage motor 1 will be performed
with a maximum acceleration.
| When the carriage motor 1 is accelerated with a
maximum acceleration, the counter 39 detects the current
speed, and the detected current speed 41 is sent to the
comparator 127 for comparison with the transfer speed 131
sent from the transfer speed generator 129. As the
transfer speed 131 is selected an appropriate value
slightly lower than the standard speed .35. When the

current speed 41 reaches the transfer speed 131, the
 flip-flop 99 is reset by the output signal 133 of the
comparator 127. Thereby the output signal 70 of the AND
gate 69 is switched to a low level, and the selector 63
will select the duty 61 that follows the PI control. At
the same time, the output signal 133 from the comparator
127 is applied to the load terminal L of the integrator,
and the optimum integrated value 135 is loaded from the
optimal register 121 onto the integrator 17 as the
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initial integrated value. Thereafter the speed control
of the carriage motor 1 will be made according to the PI
control.

The acceleration condition of the carriage motor 1
in the trial run in this embodiment is shown in FIG. 10a,
and the acceleration conditions of the same in the actual
run is shown in FIG. 10B.

Referring to FIG. 10A, the speed of the carriage
motor 1 in the trial run is controlled by the same PI
control the same as in the former case. In the
predetermined position D2, where the revolution speed is
regulated to the standard speed, the integrated value in
the integrator at this time is stored as the optimum
integrated value. Regarding the travel distance required
for the trial run, the short distance including that from
the start to the predetermined position D2 is suff1c1ent.
After completion of the +trial run, an actual run
accompanied by printing is carried out. Referring to
FIG. 10B, the carriage motor is in the actual run, is
accelerated at the maximum acceleration in the region
(Area 1) until the motor reaches the transfer speed V1 a
little lower than the standard. speed. In the region
(Area 2) after the motor has reached the transfer speed
V1, the speed control is made by the PI control taking
the optimum integrated wvalue as the initial integrated
value. As a result, the motor revolution speed reaches
the standard speed in a short time, and further, is
regulated stably without overshoots and undershoots, thus
contributing to the miniaturization of serial printers.

_ FIG. 9 shows the configuration of the current
controller-93 in FIG. 8.

This current controller 93 includes a current
limiting value.selector circuit 141 and a plurality of
transistors 143a-1434 corresponding respectively to each
speed mode that is selectively turned ON according to the
results of the decoding. Each of the transistors 1l43a-—
1434 is connected between the resistors 145a-145d, each
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having different resistance, and the ground. ‘These
resistors 145a-1454 are connected to each other at the
node 149, and between the node 149 and the power supply
Vecr @ resistor 147 is connected. Therefore, depending
on the speed mode as selected, different voltages appear
at the node 149. -~ The voltage value at this node 149
means the current limiting value that specifies the
maximum limit of the current to flow through the motor 1.
This current limiting value is applied to the comparator
151 where it is compared with the current value of the
motor 1 as detected with the resistor 153. By the output
signal of the comparator 151, the gatés 155 and 157 for
transmitting the driving pulses 91b and 91lc to the
driving circuit 29 are ON/OFF controlled.

When the current value of the motor 1 is smaller
than the current limiting value, the output signal of the
comparator 151 is at a high level, and the gates 155 and
157 open and transmit the driving pulses 91la-91d to the
driving circuit 29. Consequently a éurrent is supplied
to the motor 1 according to the driving pulses 9la-91d.
On the other hand, when the motor cﬁrrent value is about
to exceed the current limiting value, the output signal
of the comparator 151 becomes a low level, and the gatés
155 and 157 close and obstruct the driving pulses 91b and
9lc, thereby interrupting the current supply to the
motor.

As a result, as shown in FIG. 11, the motor current
is limited to the current limiting value I;;m Or less.
The current limiting wvalue in each speed mode is
determined by the maximum torque required in each speed

mode. the _egample of this current limiting value is
shown in TABLE 1. |
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TABLE 1
Standard revolutin speed |Current limiting value
(rpm) (A)
500" 1
750 1.2
1000 1.5
-1250 _ 1.7

Further, as shown in TABLE 2, the current limiting
value may be changed for each predetermined standard-
speed range.

TABLE 2
Standard revolutin speed |Current limiting value
(rpm) (A)
500 : 1.2
750 1.2
1000 . 1.7
1250 1.7

Limiting the motor current according to the standard
current in this way can prevent occurrence of unnecessary
torque, and alleviate the oscillation of the carriage
driving mechanism caused by the torque variation.

FIG. 12 shows the configuration of the PWM
oscillator in FIG. 8 This PWM oscillator 75 contains a
register 161 that stores the predetermined value of the
PWM fundamental period, and a plurality of variable-value
latches 165a-165g that store the values of different
periodic variables respectively. One of these variable-
value latches 165a—165g is selected by the decoder 163,
and from the selected variable-value latch the periodic
variable 167 is output. This periodic variable 167 is
input to the adder 171 where it is added to the value of
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the fundamental period 169 from the PWM basic register
161, - The result of this addition is applied -to the
preset terminal P of the counter 175 as a value of the
PWM standard period 173, and is loaded on to the counter
175 when this counter 175 outputs a carry signal 177.
The counter 175, in synchronism with the clock pulse 45,
performs the count-down from the preset PWM standard
period value 175. When the count value reaches zero, the
carry signal 177 is output, that is, every time when the
PWM standard period elapses, the carry signal 177 is
output. The carry signal 177 is, as the PWM standard
pulse 77, applied to the counter 73 and the £lip-£flop 81.

The carry signal 177 is further sent also to the
clock pulse terminal CK of the counter 179, and varies
the count value of the counter 179. Then, the decoder
163 selects another variable-value latch and the value of
periodic variable 167 changes to another value. As a
result, the PWM standard period is not constant but
varies. Therefore, the frequency characteristic of the
noise due to the variation of the motor torque in the PWM
control does not take a form having a marked peak at a
specific frequency, but a form having relative low gentle
peaks dispersed over the variation range of the Pwﬁ
standard period, and therefore its effect on the hearing
sense can be alleviated. The foregoing will explain an
optimal embodiment of this invention, however, this
invention is not to be limited to this embodiment, but
includes various deformations within the 1limits not
deviating from its substance.
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| CLAIMS:
1. A device for controlling the revolution speed of

a printer carriage motor, comprising:

means for detecting a revolution speed of said

carriage motor;
means for generating a standard speed;

means for integrating a difference between the
revolution speed as detected and the standard speed;

means responsive to an output value of said
integration means for generating a first control signal

for controlling the revolution speed;

- means for holding, as an  optimum integration
value, an output value of said integration means at the
time when the revolution speed is requlated to the

standard speed;

means for generating a second control signal

having a predetermined value;

means for selecting either one of the first

control signal and the second control signal;

means for controlling said selecting means

during the accelerating time of said carriage motor, so
that the second control signal is selected until the
detected revolution speed reaches a predetermined
transfer speed, and that the first control signal is

selected after the transfer speed is reached;

means for loading the held optimum integration

value into said integration means so that the output
value of said integration means at the moment when the
detected revolution speed has reached the transfer speed
during the carriage motor accelerating time agrees with
the held optimum integrated value; and

means for driving said carriage motor according

to one of the first and second control signals selected
by said selecting means.

2, A carriage control device as claimed in claim 1,
wherein the predetermined value of the second control
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signal represents accelerating said carriage motor at the
maximum acceleration speed.

3. A carriage control device having a PWM control
unit controlling the current suppiied to a printer
carriage motor to bring a revolution speed of the printer
carriage motor close to a standard speed, comprising:

means for generating selectively one of a
plurality of standard speeds:;

means for generating a predetermined current
limiting value corresporiding to the selectively generated
standard speed;

means for detecting the current supplied to said
carriage motor; and

means for 1imiting the current supplied to said
motor so that a detected value of the current does not
exceed the generated current limiting value.

4, A carriage control device having a PWM-control
unit controlling a current supplied to a printer carriage
motor to bring a revolution speed of the printer carriage
motor close to a standard speed, comprising:

means for generating a constant fundamental
period;

means for creating a varying period by
‘associating different variable quantities successively
with the standard period; and

means for executing PWM control of said supply

current by using the varying period as a PWM standard
period.
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PRINTER CARRIAGE CONTROL DEVICE

ABSTRACT OF THE DISCLOSURE
A device for PWM control of the printer carriage
motor (1) which has a circuit (65) .for generating a first

PWM pulses of 100% duty ratio, a circuit for computing
_ second PWM pulses (31, 37, 39, 15, 17, 53, 57, 58)
according to the- PI control method based on the
difference between the motor current speed and  the
predetermined standard speed, and a circuit (121) f£for.
holding the optimum integrated value for controlling the
motor current speed agree with the standard speed. Until
*the motor current épeéd reaches a predetermined transfer
speed slightly 1lower than the standard speed, the
carriage motor is accelerated with ‘the maximum
acceleration according to the first PWM pulses, when the
transfer speed is reached, the optimum integrated value
is set as the initial integrated value of the PI control,
and thereafter the speed control is carried out according
to the PI control method. In this PWM control, the
current supplied to the carriage motor is controlled so
as not to exceed a current limiting value predetermined
according to the standard speed. Furthermore, the PWM
standard period is purposely varied. v

FIGURE 8.
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transfer speed V1 a little |ower than the standard speed.
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FIG 9.shows th"éhésédmfﬂ gBeaReg:Df the current controller 93.in FIG 8. This
current controll a current imting value s
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TECHNICAL FIELD

This invention refates to the control device of a printer carriége driving OC motor of the type that
performs printing on recording media by driving the carriage with the DC motor as in the cass of a serial
printer.

BACKGROUND ART

FIG. 1 shows the carriage driving mechanism of a general serial printer. The revoiutions of the DC
motor 1 called a carriage motor is converted into a linear motion of the timing belt S via the pulley 3. Whilg
by driving with the timing belt 5, the carriage 9 mounted with a grinting head 7 is moved, printing is carried
out with the printing head 7 on the recording media such as paper.

Hitherto, to control the revolution speed of the carriage motor 1, Pt control shown on FIG. 2 has been
generally used. This control employs a compensator 19 where the proportion element 15 having a gain K1
and the integration element 17 having a gain K2 are combined in parallel. On receipt of the difference
between the revolution speed of the DC motor 1 as detected by the rotary encoder 13 and the standard
speed generated from the standard speed signal generator 21, the compensator 19 controls the output of
the motor 1 so as to bring its revolution speed in line with the standard speed.

In general, to ensure a good printing quality with the serial printer, the printing is performed as shown in
FIG. 3, after the revolution speed of the carriage motor 1 has regulated to the standard speed. In this case,
the travel distance D1 required to regulate the revolution speed of the carriage motor 1 to the standard
speed is desired to be as smail as possible in order to realize a small-sized serial printer. Consequently, the
revolution speed of the carriage motor 1 is required to rise to the standard speed in the shortest time
possible and yet to be regulated stably with little overshoots or undershoots.

In the conventional control device, however, the stability and response are determined by the
characteristic of the control system composed of the compensator, DC motor and speed detector.
Furthermore, in general, the stability and response are contradictory to each other, and consequently, for
example, giving priority to the stability worsens the response, thus there is a limitation in satisfying the
faregoing requirements.

u Furthermore, to yield a good printing quality and a smooth carriage run, it is necessary to control the
carriage motor to the standard revolution speed with a high precision. In the conventional serial printer, the
revolution speed of the carriage motor (DC motor) is controfled by driving it with a pulse-shaped driving
voltage, and the PWM (Pulse Width Modulation) control is employed as a typical method. FIG. 4 is a block
diagram showing the conventional control. The unit 23 outputs the standard revolution speed signal and the
unit 25 generates a duty signal having the duty corresponding to the standard revolution speed. By
performing ON/OFF in response to the duty signal, the driving circuit 28 converts the voltage from the DC
power source 27 into a pulse-shaped driving voltage tor supply to the carriage motor 1. The unit 25, as
shown in FIG. 5(A). determines for each PWM standard period Twom. the value of duty Toyrvm in each
period, and outputs the duty signal. The value of the duty Toyrs is generally determined according to the

- difference between the revolution speed which is detected by the rotary encoder fitted to the shaft of the
carriage motor 1 and the standard revolution speed.

For simplicity of the control process and so forth, in general, the value of the PWM standard period
Twioru is constant. On the other hand, to make the revolution speed agree with the predetermined standard
revolution speed, the duty Tourvaj varies. When the duty Toyryps varies as in FIG. S, the current shown in
FIG. 5 flows in the carriage motor 1. Since the torque produced by the DC motor is proportional to the
magnitude of the current, such a variation of current causes a pericdic puisation of torque. Consequently,
the revolution speed agrees with the standard revolution speed on an average. In actual cases, however, as
shown in FIG. 6, it varies over and below the standard revolution speed while generating a minute oscillation
of the period identical to the PWM standard period. The majority of serial printers have plural speed modes
according to the printing density. With increase of the printing density, the standard rotation speed
becomes lower. In general, the lower the standard revolution speed, the smaller the torque demanded of the
carriage motor 1, i.e.. the value of the current flowing in the carmiage motor 1. However, at a smaller
standard revolution speed (though the duty Toyry becomes small), the counter cmf of the carriage motor 1
is small, and as a result the current peak value is liable to become large, magnifying the periodic pulsation

~ of the torque. When the standard revolution speed is small as above, despite the small torque as required,
a torque more than necessary is produced because of the large current peak value. Such a larger torque
than necessary is desired to be eliminated.

The periodic minute oscillation due to the variation of torque of the carriage motor 1 generates a noise.
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In a frequency analysis of this noise a large noise peak appears at the PWM standard frequency fwior (=
WTwom) 2s shown in FIG. 7. Since the value of the PWM standard frequency fwior falls in the frequency
band of several kHz to several ten kHz, this noise is undesirable on the hearing sense.

DISCLOSURE OF THE INVENTION

The purpose of this invention is to raise the carriage motor revolution speed quickly up ta the standard
speed, and to regulate the speed stably with httle overshaats and undershaats, thus realizing a further
miniaturization of the printer.

This invention provides a control device of the printer carriage motor revolution speed which comprises:

means for detecting a revolution speed of the carriage motor;

means for generating a standard speed;

means for integrating the difference between the detected revolution speed and the standard spesd:

means responsive to an output value of the integratiomeans for generating a first contral signal for
controlling the revolution speed to lessen the differencs;

means for holding, as an optimum integration value, an output value of the integration means at the
time when the revolution speed is regulated to the standard speed;

means for generating a second control signal having a predetermined valus;

means for selecting either one of the first and the second control signais;

means for controlling the selecting means during an accelerating time of the carriage motor so that the
second control signal is selected until the detected revolution speed reaches a predetermined transfer
speed, and the first control speed is selected after the transfer speed has been reached;

means for loading the held optimum integration value into the integration means so that the output
value of the integration means at the time when the detected revolution speed has reached the transter
speed during the carriage motor accelerating time agrees with the heid optimum integration vaiue; and

means for driving the carriage control motor according either one of the first and second control signals
salected by the selecting means.

According to this device, the carnage motor is accelerated, during the interval from its start to the time
when the predetermined transfer speed is reached, according to the secondary control signat having the
predetermined value. This secondary control signal is desired to have a valus that permits acceleration of
the carriage motor at a maximum accaleration speed. On reaching the transfer speed, the speed control is
performed according to the primary control signal based on the difference between the standard speed and
current speed. Since in this control the optimum integration value to make the current speed agree with the
standard value is set in the integration means as the initial valus, overshoots or undershoots can be
suppressed ta a small value. Furthermare, the aptimum integration value is measurad in this embodiment
by carrying out a trial run at the time of switching the power ON or the time of transferring the speed mode.
However, it is also possible to predetermine the optimum integration vaiue in the stage of the printer
production and store the value in a non-volanle memory
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of the carriage driving mechanism of an ordinary serial printer;

FIG. 2 is a block diagram showing the conventional carriage control;

FIG. 3 is a drawing showing the speed variation of the carriage motor by means of the conventional
carriage control;

FIG. 4 is a block diagram showing the PWM control of the conventional carriage motor;

FIG. § is a drawing showing the duty signal and carriage motor current waveform in the conventional
PWM control;

FIG. 6 is a drawing showing the variation of the carnage motor revolution speed in the conventional PWM
control;

FIG. 7 is a drawing showing a frequency characteristic of the noise caused by the speed variation of the
carriage motor:

FIG. 8 is a block diagram showing the whole configuration of an embodiment of this invention;

FIG. 9 is a drawing showing the configuration of the current controller and driving circuit in FIG. 8;

FIG. 10A is a drawing showing the condition of acceleration in the trial run;

FIG. 108B is a drawing showing the condition of acceleration in the actual run;

FIG. 11 is a drawing showing the conditions in which the motor current is limited; and

FIG. 12 is a drawing showing the configuration of the PWM oscillator in FIG. 8.

BEST MODES FOR CARRYING OUT THE INVENTION

In FIG. 8, which shows a whole configuration of the adequate embodiment of the carriage control device
according to this invention, the standard speed register 31 holds a plurality of standard speeds correspond-
ing to each of a plurality of speed modes and outputs the corresponding standard speed 35 on receipt of a
speed mode selecting data 33. The standard speed 35 is applied to one of the input terminals of the
subtracter 37. To the other input terminal of the subtracter 37 the output data 41 of the counter 39 is
applied. This counter 38 receives clock pulses 45 of a predetermined frequency at its clock terminals CK
from the clock oscillator 43, and a pulse signal 47 having a frequency corresponding to the motor revolution
speed at its clear terminals from the rotary encoder 13. The frequency of the clock pulse 45 is sufficiently
high as compared with that of the pulse signal 47. The counter 39 counts the number of the clock pulses 45
included in each period of the pulse signals 47 i.e., the current speed of the carriage motor 1, and sends
this current speed 41 to the subtracter 37.

in the subtracter 37, the deviation 49 of the current speed 41 from the standard speed 36 is computed.
This deviation 49 is sent to the proportional arithmetic unit 15 and integrator 17. The proportionai arithmetic
operation unit 15 performs a proportional operation of gain K1 for the deviation 49, and stores the operation
result 51 in the register 53. The integrator 17 performs an integration operation of gain K2 for the deviation
49, and stores the operation result 55 in the register 47.

The results of proportional and integration operations 51 and 55, which are stored in the registers 53
and 57, are added together by the adder 59. The output data of the adder 59 shows the duty (corresponds
to Toury in FIG. 5A) computed by the P! control on the basis of the deviation 49.

The thus computed duty 61 is applied to one of the input terminais of the selector 63. To the other
input terminal of this selector 63 a predetermined duty stored in the duty register 65 is applied. The
predetermined duty means, for example, the valus corresponding to the duty ratio of 100%, i.e., a value
equal to the PWM standard period (equivalent to the PWM standard period (equivalent to the Twigrw in FIG.
SA). The selector 63 selects either one of the duty 61 computed according to the logical value of the output
signal of the AND gate 63 and the predetermined duty 67 and sends it to the counter 73.

The selected duty 71 is applied to the preset terminal P of the counter 73. To the load terminal L of the
counter 73 the PWM standard pulse 77 is applied, which is generated from the PWM oscillator 75 for sach
PWM standard period. Thus, for each PWM standard period, the count value of the counter 73 is preset to
the selected duty 71, and the count-down from the preset duty 71 is carried out in synchronism with the
clock pulses 45 from the clock oscillator 43. When the count value as counted down reaches zero, i.e. when
the time corresponding to the preset duty 71 elapses, the carry signal 79 is output from the carry-out
terminals CO of the counter 73.
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and 910 B R Bivnt BdcLes UAT THdBote! the %HE& al 83 of the flip-flop 81 forms it e duty signal 83
having the duty equal to the PWM standard period and the selected duty 71.
The waveform of the duty signal 81 output from the flip-flop 81, like the waveform shown in FIG. SA,
shows a high level during the selected duty 71 alone and a low level during the remaining time within each
PWM standard period. The duty signal 81 is applied to the distributor 85. Accarding to the run control data
87 from the run controller 89 that indicates the ON/OFF and direction of revolution of the carriage motor 1,
the distributor 85 distributes the duty signal 81 to the first paired pulses 91a, 91d or 2nd paired pulses 91b,
91c among the 4 driving pulses 912-91d. These driving pulses 91a-91d are sent to the current controller 83,
where they are corrected according to the speed mode. The corrected driving pulses 952-85d are applied
to the driving circuit 29. The driving circuit 29, as shown in FIG. 9, includes the paired switching transistors
87a, 97d which control the current for the positive revolution of. the carriage motor 1 and the paired
switching transistors 97b, 97¢ which control the current for the reverse revolution of the carriage motor 1.
On receipt of the respectively corrected driving puises 95a, 95d. 95b, 95c, the switching transistors 97a,
97d. 97b, 97c control the amount of current supplied to the motor 1. thereby controlling the revolution
speed of the cariage motor 1. As already stated, the selector 63 selects either one of the duty 61
computed by the Pl control method or the duty 67 of a fixed value. Whichever is to be sslected is
determined by the value of the output signai 70 of the AND gate 69. To the AND gate 69, the output signal
101 is applied from the flip-flop 99 and the control signal 105 from the initializing controller 103. When the
power switch 107 of the printer is turned ON, or when the speed mode transfer is made by the speed mode
select data 33, the initializing controller 103 turns the control signal to the low level and also make the
carriage run in the predetermined direction for the predetermined interval (for example, the direction of
normal revolution of motor 1) by instructing the travel controller 89. The run at this time is called a trial run
in this specification. In the trial run, the output signal 70 of the AND gate 69 is at the low level, and at this
time, the selector 63 selects the Pl control duty 61. That is, in this trial run, the speed of the carriage mator
1 is controlled by the Pl control.

Furthermore, in the trial run the position counter 108 counts the position pulse 47 coming from the
encoder 13 and detects the current position 111 of the carriage. The detected current position 111 of the
carriage is input to the comparator 113, where it is compared with the predetermined position 117 from the
position register 115. As the predetermined pasition 117, the position where the motor speed in the trial run
has reached and has been regulated securely to the standard speed is selected. When the current carriage
position 111 reaches this predetermined position 117, a high level signal 119 is applied from the comparator
113 to the strobe terminal ST of the optimum-value register 121. Then the optimum value register 121
accepts the integrated value 55 from the integration circuit 17, and holds it thereafter. The integrated value
held in the optimum value register 121 is called the optimal integrated value hereunder. This optimal
integrated value is, in short, the integrated value when the control has become stable in the case of the
carriage speed control performed by the Pl control method.

When the trial run is finished, the initiafizing controller 103 turns the control signal 105 to high level. In
this state, the run controller 89 controls the start, stop and turning direction of the carriage motor 1
according to the instructions 123 from the external host computer. The carriage run at this time is called an
actual run hereunder. This actual run means the carriage run when the printing is performed following the
directions from the host computer.

In this actual run, solely the duty selection in the selector 63 is determined by the output signal 101 of
the flip-flop 99. The flip-flop 99 is set by the signal 125 sent from the run controller 89 each time when
printing of each line is started. Thereby the output signal 70 of the AND gate 69 becomes a high leve!, and
the selector 63 selects the fixed duty (a value equivalent to 100% duty ratio) from the duty-register 65, sa
that the acceleration of the carriage motor 1 will be performed with a maximum acceleration. _

When the carriage motor 1 is accelerated with' a maximum acceleration, the counter 39 dstects the
current speed, and the detected current speed 41 is sent to the comparator 127 for comparison with the
transfer speed 131 sent from the transfer speed generator 129. As the transfer speed 131 is selected an
appropriate value slightly lower than the standard speed 35. When the current speed 41 reaches the
transfer speed 131, the flip-flop 99 is reset by the output signal 133 of the comparator 127. Thereby the
output signal 70 of the AND gate 89 is switched to a low level, and the selector 63 will select the duty 61
that follows the PI control. At the same time, the output signal 133 from the comparator 127 is applied to
the load terminal L of the integrator, and the optimum integrated value 135 is loaded from the optimal
register 121 onto the integrator 17 as the initial integrated value. Thereafter the speed control of the carriage
motor 1 will be made according to the Pl controf.
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10A, and the acceleration conditions of the same in the actual run is shown in FIG. 108.

Referring to FIG. 10A, the speed of the carriage mator 1 in the trial run is controllgd by the same PI
control the same as in the former case. In the predetermined position D2, where the {gvolution _speed is

regulated to the standard speed, the integrated value in the integrator at this time is stored as the optimum
ihtegrated value. Regarding the travel distance required for the trial run, the short distance including that
from the start to the pradetermined position D2 is sufficient. After completion of the trial run, an actual run
accompanied by printing is carried out. Referring to FIG. 10B, the carriage mator is in the actual run, is
accelerated at the maximum acceleration in the region (Area 1) until the motor reaches the transfer speed
V1 a little lower than the standard speed. In the region (Area 2) after the motor has reached the transfer
speed V1, the speed control is made by the P! control taking the optimum integrated valug as the initial
integrated value. As a result, the motor revolution speed reaches the standard speed in a short time, and
further, is regulated stably ‘without overshoots and undershoots, thus contributing to the miniaturization of
serial printers.

FiG. 9 shows the configuration of the current controller 93 in FIG. 8.

This current controller 93 includes a current limiting value selector circuit 141 and a plurality of
transistors 143a-143d corresponding respectively to each speed mode that is selectively turned ON
according to the results of the decoding. Each of the transistors 143a-143d is connected between the
resistors 145a-145d. each having different resistance, and the ground. These resistors 143a-145d are
connected to each other at the node 149, and between the node 149 and the power supply Ve, a resistor
147 is connected. Therefore, depending on the speed mode as selected, different voltages appear at the
node 149. The voltage value at this node 149 means the current limiting value that specifies the maximum
limit of the current to flow through the motor 1. This current limiting value is appfied to the comparator 151
where it is compared with the current value of the motor 1 as detected with the resistor 153. 8y the output
signal of the comparator 151, the gates 155 and 157 for transmitting the driving pulses 91b and 91c to the
driving circuit 29 are ON/OFF controlled.

When the current value of the motor 1 is smaller than the current limiting value, the output signal of the
comparator 151 is at a high level, and the gates 155 and 157 open and transmit the driving pulses 91a-81d
to the driving circuit 29. Consequently a current is supplied to the motor 1 according to the driving pulses
91a-91d. On the other hand, when the motor current value is about to exceed the current limiting value, the
output signal of the comparator 151 becomes a low level, and the gates 155 and 157 close and obstruct the
driving pulses 91b and 91c, thereby interrupting the current supply to the motor.

As a’result, as shown in FIG. 11, the motor current is limited to the current limiting value lm or iess.
The current limiting value in each speed mode is determined by the maximum torque required in each
speed mode. the example of this current limiting value is shown in TABLE 1.

TABLE 1
Standard revolutin speéd |Current limiting value
(rpm) (Aa)
500 1
750 1.2
1000 1.5
1250 1.7

Further, as shown in TABLE 2, the turrent limiting value may be changed for each predetermined
standard-speed range.
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TABLE 2
Standard revolutin speed |Current limiting
(rpm) - (A)
500 1.2
750 1.2
1000 1.7
1250 , 1.7

Uimiting the motor current according to the standard current in this way can prevent occurrence of
unnecessary torque, and alleviate the ascillation of the carriage driving mechanism caused by the torque
variation,

FIG. 12 shows the configuration of the PWM oscillator in FIG. 8 This PWM oscillator 75 contains a
register 161 that stores the predetermined value of the PWM fundamental period, and a plurality of variable-
value latches 1652-165g that store the values of different periodic variables respectively. One of these
variable-value latches 165a-165g is selected by the decoder 163, and from the selected variable-value latch
the periodic variable 167 is output. This periodic variable 167 is input to the adder 171 where it is added to
the value of the fundamental period 189 from the PWM basic register 161. The resuit of this addition is
applied to the preset terminal P of the counter 175 as a value of the PWM standard period 173, and is
loaded on to the counter 175 when this counter 175 outputs a carry signal 177. The counter 175, in
synchronism with the clock pulse 45, performs the count-down from the preset PWM standard period value
175. When the count value reaches zero, the carry signal 177 is output, that is, every time when the PWM
standard period elapses, the carry signal 177 is output. The carry signal 177 is, as the PWM standard pulse
77, applied to the counter 73 and the flip-flop 81.

The carry signal 177 is further sent also-to the clock pulse termmal CK of the counter 179, and varies
the count value of the counter 179. Then, the decoder 163 selects another variable-value latch and the value
of periodic variable 167 changes to another value. As a result, the PWM standard period is not constant but
varies. Therefore, the frequency characteristic of the noise due to the variation of the motor torque in the
PWM control does not take a form having a marked peak at a specific frequency, but a form having relative
low gentle peaks dispersed over the variation range of the PWM standard period, and therefore its effect on
the hearing sense can be alleviated.

Claims

1. A device for controlling the revolution speed of a printer carriage motor, comprising:

means for detecting a revolution speed of said carriage motor;

means for generating a standard speed;

means for integrating a difference between the revolution speed as detected and the standard
speed;

means responsive to an output value of said mtegrauan means for generating a first control signal
for controliing the revolution speed;

means for holding, as an optimum integration value, an output value of said integration means at
the time when the revolution speed is regulated to the standard speed:;

means for generating a second control signal having a predetermined value;

means for selecting either one of the first control signal and the second control signal;

means for controlfing said selecting means during the accelerating time of said carriage motor, so
that the second control signal is selected until the detected revolution speed reaches a predetermined
transfer speed, and that the first control signal is selected after the transfer speed is reached;

means for loading the held optimum integration value into said integration means so that the output
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TABLE 2
Standard revolutin speed |Current limiting
(rpm) (a)
500 1.2
750 1.2
1000 1.7
1250 | 1.7

Limiting the motor current according to the standard current in this way can prevent occurrence of
unnecessary torque, and alleviate the oscillation of the carriage driving mechanism caused by the lorque
variation,

FIG. 12 shows the configuration of the PWM oscillator in FIG. 8 This PWM oscillator 75 contains a
register 161 that stores the predetermined value of the PWM fundamental peried, and a plurality of variable-
value latches 165a-165g that store the vaiues of different periodic variables respectively. One of these
variable-value latches 165a-165g is selected by the decoder 163, and from the selected variable-value latch
the periodic variable 167 is output. This periodic variable 167 is input to the adder 171 where it is added to
the value of the fundamental period 169 from the PWM basic register 161. The result of this addition is
applied to the preset terminal P of the counter 175 as a value of the PWM standard period 173, and is
loaded on to the counter 175 when this counter 175 outputs a carry signal 177. The counter 175, in
synchronism with the clock pulse 45, performs the count-dewn from the preset PWM standard period value
175. When the count value reaches zero, the carry signal 177 is output, that is, every time when the PWM
standard period elapses, the carry signal 177 is output. The carry signal 177 is, as the PWM standard pulse
77, applied to the counter 73 and the flip-flop 81.

The carry signal 177 is further sent also to the clock pulse terminal CK of the counter 179, and varies
the count vaiue of the counter 179. Then, the decoder 163 selects another variable-value latch and the value
of periodic variable 167 changes to another value. As a result, the PWM standard period is not constant but
varies. Therefore, the frequency characteristic of the noise due to the variation of the motor torque in the
PWM control does not take a form having a marked peak at a specific frequency, but a form having relative
low gentle peaks dispersed over the variation range of the PWM standard period, and therefore its effect on
the hearing sense can be alleviated.

Claims

1. A device for controlling the revelution speed of a printer carriage motor, comprising:

means for detecting a revolution speed of said carriage motor;

means for generating a standard speed;

means for integrating 2 difference between the revolution speed as detected and the standard
speed;

means responsive to an output value of said integration means for generating a first control signal
for controfling the revolution speed;

means for holding, as an optimum integration value, an output vaiue of said integration means at
the time when the revolution speed is regulated to the standard speed;

means for genaerating a second contral signal having a predetermined value;

means for selecting either one of the first control signal and the second contral signal;

maeans for controlling said selacting means during the accelerating time of said carriage motor, $o
that the second control signal is selected untij the detected revolution speed reaches a predetermined
transfer speed, and that the first control signal is selected after the transfer speed is reached;

means fer loading the held optimum integration value into said integration means so that the output
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transfer speed during the carriage motor
value; and

1.7 Further, as shown
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means for driving said carriage motor according to one of the first and second control signals

selected by said selecting means.

2. A carriage control device as claimed in claim 1, wherein the predetermined value of the second control
signal represents accelerating said carriage motor at the maximum acceleration speed.
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means for detecting a revolution speed of said carriage notor; neans for

-generating a standard speed; neans for integrating a diffe 7\ %ﬁg Eﬁﬁ
‘revol ution speed as detected and the standard speed; neans: E O H
out put value of said integration means for generating a fiysf control

signal for con- 1. 2 0 NOV w008
CARRIAGE CONTROLLER OF A PRINTER

Description

TECHNICAL FIELD

_ This invention relates to the control device of a printer carriage driving DC motor of the type that performs printing
on recording media by driving the carriage with the DC motor as in the case of a serial printer.

BACKGROQUND ART

FIG. 1 shows the carriage driving mechanism of a general serial printer. The revolutions of the DC motor 1 called
a carriage motor is converted into a linear motion of the timing belt S via the pulley 3. While by driving with the fiming
belt 5, the carriage 9 mounted with a printing head 7 is moved, printing is carried out with the printing head 7 on the
recording media such as paper.

Hitherto, to contral the revolution speed of the carriage motor 1, Pl control shown on FIG. 2 has been generally
used. This control employs a compensator 19 where the proportion element 15 having a gain K1 and the integration
slement 17 having a gain K2 are combined in parallel. On raceipt of the difference betwaen the revolution spead of the
DC motor 1 as detected by the rotary encoder 13 and the standard speed generated from the standard speed signal
generator 21, the compensator 19 controls the oufput of the motor 1 so as to bring its revolufion speed in line with the
standard speed. . '

in general, to ensure a good printing quality with the serial printer, the printing is performed as shown in FIG. 3,
after the revolution speed of the carriage motor 1 has regulated to the standard speed. In this case, the travel distance
D1 required to regulate the revolution speed of the carriage motor 1 to the standard speed is desired to be as small as
possible in order to realize a small-sized serial printer. Consequently, the revolution speed of the carriage motor 1 is
required to rise to the standard speed in the shortest time possible and yet to be regulated stably with little overshoots
or undershocts. .

In the conventional control device, however, the stability and response are determined by the characteristic of the
control system composed of the compensator, DC motor and speed detector. Furthermore, in general, the stability and
responsa are contradictory to each cther, and consequently, for example, giving priority to the stability warsens the
response, thus there is a limitation in satisfying the foregoing requirements.

Furthermore, to yield a good printing quality and a smooth carriage run, it is necessary to control the carriage motor
to the standard revolution speed with a high precision. In the conventional serial printer, the revolution speed of the
carriage motor (DC motor) is controlied by driving it with a pulse-shaped driving voltage, and the PWM (Pulse With
Modulation) control is employed as a typical method. FIG. 4 is a block diagram showing the conventional control. The
unit 23 oulputs the standard revolution speed signat and the unit 25 generates a duty signat having the duty corresponding
to the standard revolution speed. By performing ONOFF in response to the duty signal, the driving circuit 29 converts
the voltage from the DC power source 27 into a pulse-shaped driving voitage for supply 16 the carriage motor 1. The
unit 25, as shown in FIG. 5(A), determines for each PWM standard period Typry, the value. of duty TouTvpy in ach
period, and outputs the duty signal. The value of the duty TzDUTY[ni is generally determined according to the difference
between the revolution speed which is detected by the rotary encoder fitted to the shaft of the carriage motor 1 and the
standard revolution speed.

For simplicity of the control process and so forth, in general, the value of the PWM standard period Tyipty is
constant. On the other hand, to make the revolution speed agree with the predetermined standard revolution speed, the
duty Tpyryin varies. When the duty Tourypn varies as in FIG. 5, the current shown in FIG. 5 flows in the carriage motor
1. Since the torque produced by the DC motor is proportional to the magnitude of the current, such a variation of current
causes a periodic pulsation of torque. Consequently, the revolution speed agrees with the standard revolution speed on
an average. In actual cases, however, as shown in FIC. 6, it varies over and below the standard revolution speed while
generating a minute oscillation of the period identical to the PWM standard period. The majority of serial printers have
plural speed modes according to the printing density. With increase of the printing density, the standard rotation speed
becames lower. In general, the lower the standard revolution speed, the smaller the torque demanded of the carriage
motor 1, i.e., the value of the current flowing in the carriage motor 1. However, at a smaller standard revolution speed
(though the duty Tp 1y becomes smal), the counter cmf of the carriage motor 1 is small, and as a result the current
peak value is liable to become large, magnifying the periodic pulsation of the torque. When the standard revolution speed
is small as above, despite the small torque as required, a torque mora than necessary is produced because of the large
current peak value. Such a larger torque than necessary is desired to be eliminated.

The periodic minute oscillation due to the variation of torque of the carriage motor 1 generates a noise. Ina frequency
analysis of this naise a large noise peak appears at the PWM standard frequency fwiou (= ¥Twipor) as shown in
FIG. 7. Since the value of the PWM standard frequency fypry falls in the frequency band of several kiHz to several ten
kHz, this noise is undesirable on the hearing sense.
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DISCLOSURE OF THE INVENTION

The purpose of this invention is to raise the carriage motor revolution speed quickly up to the standard speed, and
to regulate the speed stably with little overshoots and undershoots, thus realizing a further miniaturization of the printer.

This invention provides a control device of the printer carriage motor revolution speed which comprises:

means for detecting a revolution speed of the carriage motor;

means for generating & standard speed;

means for integrating the difference between the detected revolution speed and the standard speed;

means responsive to an output value of the integratiomeans for generating a first control signal for controlling the
revolution speed to lessen the difference;

means for holding, as an optimum integration value, an output value of the integration means at the time when
the revolution speed is regulated to the standard speed;

means for generating a second control signal having a predetermined value;

means for selacting either ane of the first and the second control signals;

means for controlling the selacting means during an accelerating time of the carriage motor so that the second
control signal is selected until the datected revolution speed reaches a predetermined transfer speed, and the first control
speed is selected after the fransfer speed has been reached;

means for loading the held optimum integration value into the integration means so that the output value of the
integration means at the time when the detected revolution speed has reached the transfer speed during the carriage
motor accelerating ime agrees with the held optimum integration value; and

means for driving the camiage control motor according either one of the first and second control signals selected
by the selecting means.

According to this device, the carriage motor is accelerated, during the interval from its start 1o the time when the
predetermined transfer speed is reached, according to the secondary control signal having the predetermined value.
This secondary control signal is desired to have a value that permits acceleration of the carriage motor at a maximum
acceleration speed. On reaching the transfer speed, the speed control is performed according to the primary control
sigrial based on the difference between the standard speed and current speed. Sinca in this control the optimum inte-
gration value to make the current speed agree with the standard value is set in the integration means as the initial value,
overshoots or undershoots can be suppressed to a small value. Furthermore, the optimum integration value is measured
in this embodiment by carrying out a trial run at the time of switching the power ON or the time of transferring the speed
mode. However, it is also possible to predetermine the optimum integration value in the stage of the printer production
and store the value in a non-volatile memory.

RIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of the carriage driving mechanism of an ordinary serial printer;

FIG. 2 is a block diagram showing the conventional carriage control;

FIG. 3 is a drawing showing the speed variation of the carriage motor by means of the conventional carriage control;
FIG. 4 is a block diagram showing the PWM control of the conventional carriage motor;

FIG. § is a drawing showing the duty signal and carriage motor current waveform in the conventional PWM control;
FIG. 6 is a drawing showing the variation of the carriage motor revolution speed in the conventional PWM control;
FIG. 7 is a drawing showing a frequency characteristic of the noise caused by the speed variation of the carriage
motor;

FIG. 8 is a block diagram showing the whole confaguratuon of an embodiment of this invention;

FIG. 9 is a drawing showing the configuration of the current controller and driving circuit in FIG. 8;

FIG. 10A is a drawing showing the condition of acceleration in the trial run;

FIG. 10B is a drawing showing the condition of acceleration in the actual run;

FIG. 11 is a drawing showing the conditions in which the motor current is limited; and

FIG. 12 is a drawing showing the configuration of the PWM oscillator in FIG. 8.

BEST MODES FOR CARRYING QUT THE INVENTION

in FIG. 8, which shows a whole configuration of the adequate embadiment of the carriage contro! device according
to this invention, the standard speed register 31 holds a plurality of standard speeds corresponding to each of a plurality
of speed modes and outputs the corresponding standard speed 35 on receipt of a speed mode selecting data 33. The
standard speed 35 is applied to one of the input terminals of the subtracter 37. To the other input {erminal of the subtracter
37 the output data 41 of the counter 39 is applied. This counter 39 receives clock pulses 45 of a predetermined frequency
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at its clock terminals CK from the clock oscillator 43, and a pulse signal 47 having a frequency cprresponding to the
motor revolution speed at its clear terminals from the rotary encoder 13. The frequency of the clock pulSE4S TS STfiTiently -~
high as compared with that of the pulse signal 47. The counter 39 counts the number of the clock pulses 45 included in

each period of the pulse signals 47 i.a., the currant speed of the carriage motor 1, and sends this current speed 41 to

the subtracter 37.

Inthe subtracter 37, the deviation 49 of the current speed 41 fromthe standard speed 35 is computed. This deviation
49 is sent to the proportional arithmetic unit 15 and integrator 17. The proportional arithmetic operation unit 15 performs
a proportional operation of gain K1 for the deviation 49, and stores the operation result 51 in the register 53. The integratar
17 performs an integration operation of gain K2 for the deviation 49, and stores the operation result 55 in the register 57,

The results of proportional and integration operations 51 and 55, which are stored in the registers 53 and 57, are
added together by the adder 59. The output data of the adder 59 shows the duty (corresponds to Tpyry in FIG. SA)
computed by the Pl control on the basis of the deviation 49,

The thus computed duty 61 is applied o one of the input terminals of the selector 63. To the other input terminal of
this selector 63 a predetermined duty stored in the duty register 65 is applied. The predetermined duty means, for
example, the value corresponding to the duty ratio of 100%, i.e., a value equal to the PWM standard period (equivalent
to the PWM standard period {equivalent to the Ty pty in FIG. SA). The selsctor 63 selects either one of the duty 61
computed according to the logical value of the output signal of the AND gate 69 and the predetermined duty 67 and
sends it to the counter 73.

The selected duty 71 is applied to the preset terminal P of the counter 73. To the load terminal L of the counter 73
the PWM standard pulse 77 is applied, which is generated from the PWM oscillator 75 for each PWM standard period.
Thus, for each PWM standard period, the count value of the counter 73 is preset to the selected duty 71, and the count-
down from the preset duty 71 is carried out in synchronism with the clock puises 45 from the clock oscillator 43. When
the count value as counted down reaches zero, i.e. when the time corresponding to the preset duty 71 elapses, the carry
signal 78 is output from the carry-out terminals CO of the counter 73.

By the carry signal 79 from the counter 73, the flip-flop 81 is reset by the PWM standard pulse 77 sent from the

- PWM oscillator 75. Therefore, the output signal 83 of the flip-flop 81 forms the duty signal 83 having the duty equal to
the PWM standard period and the selected duty 71. .

The waveform of the duty signal 83 output from the flip-flop 81, like the waveform shown in FIG. SA, shows a high
level during the selected duty 71 alone and a low level during the remaining time within each PWM standard period. The
duty signal 83 is applied to the distributor 85. According to the run control data 87 from the run controller 83 that indicates
the ON/OFF and direction of revolution of the carriage motor 1, the distributor 85 distributes the duty signal, @ to the
first paired pulses 91a, 91d or 2nd paired pulses 91b, 91c among the 4 driving pulses 91a-91d. These driving pulses
91a-91d are sent to the current controller 93, where they are corrected according to the speed mode. The corrected
driving pulses 95a-95d are applied o the driving circuit 29. The driving circuit 29, as shown in FIG. 9, includes the paired
switching transistors 97a, 97d which control the current for the positive revolution of the carriage motor 1 and the paired
switching transistors 97b, 97¢ which control the current for the reverse revolution of the carriage motor 1. On receipt of
the respectively corrected driving pulses 95a, 95d, 95b, 95¢, the switching transistors 97a, 97d, 97b, 97¢ control the
amount of current supplied to the motor 1, thereby controlling the revolution speed of the carriage motor 1. As already
stated, the selector 63 selects either one of the duty 61 computed by the P! control method or the duty 67 of a fixed
value. Whichever is to be selected is determined by the value of the output signal 70 of the AND gate 69. To the AND
gate 69, the output signal 101 is applied from the flip-flop 99 and the control signal 105 from the initializing controller
103. When the power switch 107 of the printer is turned ON, or when the speed mode transfer is made by the speed
mede select data 33, the initializing controller 103 turns the control signal to the low feve!l and also make the carriage
run in the predetermined direction for the predetermined interval (for example, the direction of normal revolution of motor
1) by instructing the travel controller 89. The run at this time is called a trial run in this specification. In the trial run, the
output signal 70 of the AND gate 69 is at the low level, and at this time, the selector 63 selects the Pl control duty 61.
That is, in this trial run, the speed of the carriage motor 1 is controlled by the P! control.

Furthermore, in the trial run the position counter 109 counts the position pulse 47 coming from the encoder 13 and
detects the current position 111 of the carriage. The detected current position 111 of the cariage is input o the com-
parator 113, where it is compared with the predetermined position 117 from the position register 115. As the predeter-
mined position 117, the position where the motor speed in the trial run has reached and has been regulated securely
to the standard speed is selected. When the current carriage position 111 reaches this predetermined position 117, a
high level signal 119 is applied from the comparator 113 to the strobe terminal ST of the optimum-value register 121.
Then the optimum value register 121 accepts the integrated value 55 from theintegration circuit 17, and holds it thereafter.
The integrated value held in the optimum value register 121 is called the optimal integrated value hereunder. This optimal
integrated value is, in short, the integrated value when the control has become stable in the case of the carriage speed
control performed by the P! control method.

When the trial run is finished, the initializing controller 103 turns the control signal 105 to high level. In this state,
the run controller 89 controls the start, stop and turning direction of the carriage motor 1 according to the instructions
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123 from the external host computer. The carriage run at this time is calléd an actual run hgreunder. This actual run

means the carriage run when the printing is performed following the directions from the host

In this actual run, solely the duty selection in the selector 63 is determined by the output signal 101 of the flip-flop
99. The flip-flop 99 is set by the signal 125 sent from the run controller 89 each time when printing of each line is started.
Thereby the output signal 70 of the AND gate 69 becomes a high level, and the selector 63 selects the fixed duty (a
vaiue equivalent to 100% duty ratio) from the duty register 65, so that the acceleration of the carriage motor 1 will be
performed with a maximum acceleration.

When the carriage motor 1 is accelerated with a maximum acceleration, the counter 39 detects the current speed,
and the detected current speed 41 is sent io the comparator 127 for comparison with the fransfer speed 131 sent from
the transfer speed generator 129. As the transfer speed 131 is selected an appropriate value slightly lower than the
standard speed 35. When the current speed 41 reaches the fransfer speed 131, the flip-flop 99 is reset by the output
signal 133 of the comparator 127. Thereby the output signal 70 of the AND gate 69 is switched to a low level, and the
selector 63 will select the duty 61 that follows the Pl control. At the same time, the output signal 133 from the comparator
127 is applied to the load terminal L of the integrator, and the optimum integrated value 135 is loaded from the optimal
register 121 onto the integrator 17 as the initial integrated value. Thereaiter the speed control of the carriage motor 1
will be made according to the Pl control.

The acceleration condition of the carriage motor 1 in the trial run in this embodiment is shown in FIG. 10A, and the
acceleration conditions of the same in the actual run is shown in FIG. 108B.

Referring fo FIG. 10A, the speed of the carriage motor 1in the trial run is controlled by the same P! control the same
as in the former case. in the predetermined position D2, where the revolution speed is regulated to the standard speed,
the integrated value in the integrator at this time is stored as the optimum integrated vaiue. Regarding the travel distance
required for the trial run, the short distarice including that from the start to the predetermined position D2 is sufficient.
After completion of the trial run, an actual run accompanied by printing is carried out. Referring to FIG. 10B, the carriage
motor is in the actual run, is accelerated at the maximum acceleration in the region (Area 1) until the motor reaches the
transfer speed V1 a little lower than the standard speed. In the region (Area 2) after the motor has reached the transfer
speed V1, the speed control is made by the Pi control taking the optimum integrated value as the initial integrated value.
As a result, the motor revolution speed reaches the standard speed in a short time, and further, is regulated stably
without overshoots and undershoots, thus contributing to the miniaturization of serial printers.

FIG. 9 shows the configuration of the current controller 93 in FIG. 8.

This current controfier 93 includes a current limiting value sefector circuit 141 and a plurality of fransistors 143a-
143d corresponding respectively to each speed mode that is selectively turned ON according to the results of the decod-
ing. Each of the transistors 143a-143d is connected between the resistors 145a-145d, each having different resistance,
and the ground. These resistors 145a-145d are connected to each other at the node 149, and between the node 149
and the power supply Vo, a resistor 147 is connected. Therefore, depending on the speed mode as selected, different
voltages appear at the node 149. The voltage value at this node 149 means the current limiting value that specifies the
maximum limit of the current to flow through the motor 1. This current limiting value is applied to the comparator 151
where it is compared with the current value of the motor 1 as detected with the resistor 153. By the output signal of the
comparator 151, the gates 155 and 157 for transmitting the driving pulses 91b and 91c¢ fo the driving circuit 29 are
QN/OFF controlied.

When the current value of the motor 1 is smaller than the current limiting value, the output signal of the comparator
151 is at a high level, and the gates 155 and 157 open and transmit the driving pulses 91a-91d to the driving circuit 29.
Consequently a current is supplied to the motor 1 according to the driving puises 91a-91d. On the other hand, when the
motor current value is about to exceed the current limiting value, the output signal of the comparator 151 becomes a
low level, and the gates 155 and 157 close and obstruct the driving pulses 91b and 91¢, thereby interrupting the current
supply to the motor.

As a result, as shown in FIG. 11, the mator current is limited to the current limiting value Iy, or less. The cument

limiting value in each speed mode is determined by the maximum torque required in each speed mode. the example of
this current limiting value is shown in TABLE 1.
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TABLE 1
Standard revolutin speed (rpm) | Current limiting value (A)
500 1
750 _ 1.2
1000 1.5
1250 . 1.7

Further, as shown in TABLE 2, the current limiting value may be changed for each predetermined standard-speed
range.

TABLE 2
Standard revolutin speed (rpm) | Current limiting value (A)
500 ’ 1.2
750 1.2
1000 17
1250 1.7

Limiting the motor current according to the standard current in this way can prevent occurrence of unnecessary
torque, and alleviate the oscillation of the carriage driving mechanism caused by the torque variation.

FIG. 12 shows the configuration of the PWM oscillator in FIG. 8 This PWM osdillator 75 contains a register 161 that
stores the predetermined value of the PWM fundamental period, and a plurality of variable-value latches 165a-165h that
store the values of different periodic variables respectively. One of these variable-value latches 165a-165h is selected
by the decoder 163, and from the selected variable-value latch the periodic variable 167 is output. This periodic variable
167 is input to the adder 171 where it is added to the value of the fundamental period 169 from the PWM basic register
161. The result of this addition is applied to the preset terminal P of the counter 175 as a value of the PWM standard
period 173, and is loaded on to the counter 175 when this counter 175 outputs a carry signal 177. The counter 175, in
synchronism with the clock pulse 45, performs the count-down from the preset PWM standard period value 175. When
the count value reaches zero, the carry signal 177 is output, that is, every time when the PWM standard period elapses,
the carry signal 177 is output. The carry signal 177 is, as the PWM standard pulse 77, applied to the counter 73 and
the flip-fiop 81.

The carry signal 177 is further sent also to the clock pulse terminal CK of the counter 178, and varies the count
value of the counter 173. Then, the decoder 163 selects another variable-value laich and the value of periodic variable
167 changes to another value. As a result, the PWM standard period is not constant but varies. Therefore, the frequency
characteristic of the noise due to the variation of the motor torque in the PWM control does not take a form having a
marked peak at a specific frequency, but a form having relative low gentle peaks dispersed over the variation range of
the PWM standard period, and therefore its effect on the hearing sense can be alleviated.
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Claims

1. Adevice for controlling the revolution speed of a printer carriage motor, comprising:
means for detecting a revolution speed of said carriage motor;
means for generating a standard speed; - .
means for integrating a difference between the revolution speed as detecte:} and t.he standard_speed,
means responsive to an output value of said integration means for generating a first control signal for con-
trolling the revolution speed; o ] )
means for holding, as an optimum integration value, an output value of said integration means at the time
when the revolution speed is regulated to the standard speed; .
means for generating a second control signal having a predetermined value.

means for selecting either one of the first control signal and the second control signal;

means for controlling said selecting means during the accelerating time of said carriage motor, so that the
second control signal is selected until the detected revolution speed reaches a predetermined transfer speed, and
that the first control signal is selected after the transfer speed is reached;

means for loading the held optimum integration value into said integration means so that the output vaiue of
said integration means at the moment when the detected revolution spsed has reached the transfer speed during
the carriage motor accelerating time agrees with the held optimum integrated value; and

means for driving said carriage motor according to one of the first and second control signals selected by
said selecting means.

2. Acarriage control device as claimed in claim 1, wherein the predetermined value of the second control signal rep-
resents accelerating said carriage motor at the maximum acceleration speed.
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CARRIAGE CONTROLLER OF A PRINTER

ABSTRACT

A device for PWM control of the printer carriage
motor (1) which has a circuit (65) for generating a first
PWM pulses of 100% duty ratio, a circuit for computing
second PWM pulses (31, 37, 39, 15, 17, 53, 57, 59)
according to the- PI control method based on the
difference between the motor current speed and the
predetermined standard speed, and a circuit (121) for
holding the optimum integrated value for controlling the
motor current speed agree with the standard speed. Until
‘the motor current speed reaches a predetermined transfer
speed slightly lower than the standard speed, the
carriage motor is accelerated with the maximum
acceleration according to the first PWM pulses, when the
transfer speed is reached, the optimum integrated value
is set as the initial integrated value of the PI control,
and thereafter the speed controi is carried out according
to the PI control method. In this PWM control, the
current supplied to the carriage motor is controlled so
as not to exceed a current limiting value predetermined
according to the standard speed. Furthermore, the PWM
standard period is purposely varied.

Figure 8.



REPLACEMENT SHEET '

7 0 NOY 208

—~I3

3
19
[om====- q
r
2 i 15 /I
K| L Ein
STANDARD ; | l
SloN . — +A | CARRIAGE
SIGNAL —-:?‘l =4 carria
GENERATOR [ o i
; S :
! 17 |
A 4 s
ENCODER
o | STANDARD SPEED
N AN .
z !
% {
: i
g i
G !
W
= {
DI DISTANCE



REPLACEMENT SHEET

2 0 HOY 1928

-2 -
23
/
STANDARD
REVOLUTION,
SPEED
COMMAND
GENERATOR 0C POWER SUPPLY |~27
/25
22;&2}3“;‘“— DRIVING CIRCUIT |29
13
!
CARRIAGE MOTOR
ENCODER (oc MOTOR) !
TWIOTH
f
ON _
DUTY A
SIGNAL  OFF4
{ TouTY(l) :TOUTY(Z), | TouTY(n) |
| 1
MOTOR | ' {
CURRENT |
i




REVOLUTION SPEED

NOISE LEVEL

~—

T REPLACEMENT SiEET

pros 4ons

? AN R

PWM STANDARD PERIOD

l l STANDARD SPEED

TIME

FIG. 6

PWM STANDARD FREQUENCY

= o = e e - v v ———

FREQUENCY

FIG.7



REPLACEMENT SHEET

]
o
€3

Sogtee

2 0 MOV

¥ILNINOD LSOH 8 9ld
4 2
A YITI04LNOI—a
_._ sNiziviLINg T Y3INNOD
7 NOILISOd . 3151934
€0 fo) ~ o N - HOLVHVINOD | YLSITTE
68~ HITTIOHLINOD / v F ~ /
NNY 601 11 el<] 'en i su
4 ve 216 [~
Y3 1IOHANOD |- y3Ls193Y
vcc | INHMND [--] HIOIAI0 |~ 58 sai’||| |vaLsioad |gq == a1 140
= 4 5 [
ss6A==[| [ae me 58 62 o JMo 11 1 Jl-se!
0GE’ ol o v« Y31NNOD ( —l 3 S
Lo 44400 dfri] Yo10313s + (B oo oﬂ S /%)
1 /S LR \ <0l [ (
62 18 7 65 || S 56
ri—1—%1| 11| o eo £6 4 ge
HOLV 11050 o . Y1193y
-(w WM - 1s ¥4 -1l == BV - d33ds
7 66 ( . L, QUVANVLS
o —F R_m_ 1S l¢g 15 ol 6V L€ =
1] D
¥390ON3 HOLVEVdNOO KL HOLVYINI 14
357INd ONIHOLIMS [———
\ Lo, mtuind O
¢ Task
19 o HOLVI 1950
/ ¥3LNNOD #0719
Lb \ 7
3 Gb €Y




| REPLACEMENT SHEET

2 0 MOy 1308

A =
“Sah p
IGI ﬁ_ vs Lindy1o
£GI~ / P o €5 ¥0L0373s
- PEDI ; N T 3anTva
[pZ6 = o S oniLwM
PSE | | L aett [\ s LN3WHN
Ky ¥ b agvl (N .
266 4.6 | DED| ~
PI6 35Ind /gl Ho.LOW NS\ 3A Ibi
ONIAIYG\ v J 7 ﬁ/ﬁm umv_w PSHIT dgbl T~
216 3sInd ._vl_..nu —x _ A 4 _ oGl
iy d o
6 INIAIYO | mm_WU\H.omm _
016 35Nd  _O0-==—r | ! VA4
ONIAIYA qcé Q\.ﬂ
Omm oA
e ) 7 h
/ /
62

€e



REVOLUTION SPEED

REVOLUTION SPEED

<

STANDARD SPEED

- e - .

REPLACEMENT SHEET

2 0 KOV 1933

fo o v em ot - -

02 TIME
FIG.I0A
STANDARD SPEED
L= Zh
Areq Area 2 i TlME

FIG.I0B



" REPLACEMENT SHEgy
¥ =

f
2 0 NGY mog

|

-7 -
g ON ’
DUTY SIGNAL J
OFF -
. ' !
| l I ! !
[ ! 1 !

I B
MOTOR ltim +
CURRENT
N . '



REPLACEMENT SHEET

¢}

&
&

&
gt

ad

20 NOV i

Sl '91 4
~ uS9I~__
€9 - 4012313 ' _H
bgo1 [ —
1L Bw_-.m\
- 29I+ 4300030 k-—{ Y31NN0OD
09 Y3LNNOD umm_,m‘
¢l 71 wo 1 9G9). o X
641
9G9I {—F
HOLV
~——o Ll INIVA ~ 31GVINVA
c8 ... - - /
44 .. loge €91
7 »
I B o 2T I
69| 3
R N il A |
. . “IVLN3WVONN
o)
N 120 191 Whd YOLVTHISO WMJ
L - . - ! i
Sv G2
| ¥woivTnaso
£b %201



