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57 ABSTRACT

A motor driving device includes a control unit configured to
control a motor by obtaining a driving current of the motor,
and generating a PWM signal for turning on/off a plurality
of switching elements based on a difference between the
driving current and a target value. If a time period in which
the PWM signal is at the high level is longer than a
predetermined time period, the control unit performs sam-
pling of an electric current during the time period in which
the PWM signal is at the high level, whereas if the time
period in which the PWM signal is at the high level is shorter
than or equal to the predetermined time period, the control
unit does not perform the sampling of the electric current
during the time period in which the PWM signal is at the
high level.

14 Claims, 10 Drawing Sheets
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MOTOR DRIVING DEVICE FOR
CONTROLLING MOTOR WITH PULSE
SIGNAL

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a motor driving device for
driving a motor.

Description of the Related Art

FIG. 8 is a diagram illustrating a configuration of an
ordinary motor driving circuit 100. Four FETs Q1 to Q4
(hereinafter, referred to simply as Q1 to Q4) are connected
to each other in a bridge configuration, and a coil L1 of a
motor is connected so as to bridge the connection points of
Q1 and Q3, and the connection points of Q2 and Q4. In
FIGS. 8, Q1 to Q4 are n-channel FETs, and the drain
terminals of Q1 and Q2 are connected to a terminal of a
24V-power supply. Furthermore, the source terminals of Q3
and Q4 are connected to the ground (GND). Furthermore,
Q1 and Q4 are driven with the same PWM signal PWM+,
and Q2 and Q3 are driven with the same PWM signal
PWM-. Note that PWM+ and PWM- have a relationship in
which their phases are opposite each other.

The following will describe an operation of the motor
driving circuit 100 with reference to FIG. 9. Note that in
FIG. 9, a time period T1 is a time period in which a phase
current I flowing through the coil L1 of FIG. 8 is positive (in
the direction of the arrow), and a time period T2 is a time
period in which the phase current 1 is negative (in the
direction opposite to the arrow). Note that the phase current
is a driving current for driving a motor. During the time
period T1 in which the phase current I is positive, when
PWM+ is high, the phase current I flows as shown by the
solid lines of FIG. 9. Then, when PWM+ is low, an induced
electromotive voltage is generated in the coil Ll in a direc-
tion in which it prevents a change in the electric current. This
induced electromotive voltage is predominant compared to
the 24V of the power supply for driving a motor, and the
phase current 1 flows as shown by the dotted lines of FIG.
9 (regenerative current). On the other hand, during the time
period T2 in which the phase current I is negative, when
PWM+ is low, the phase current 1 flows as shown by the
solid lines of FIG. 9, and then when PWM4+ is high, the
phase current I flows, as shown in the dotted lines, due to the
induced electromotive voltage generated in the coil 1.

In order to drive the motor driving circuit 100 appropri-
ately, a control unit for controlling the motor needs to detect
the phase current 1. Points A, B, and C of FIG. 8 are points
at which the phase current I may be detected. Here, if the
electric current is to be detected at the points A and B, a
current detection unit to which a high voltage of 24V can be
input will need to be provided, resulting in an increase in the
cost. On the other hand, if the electric current is to be
detected at the point C, electric current detection will be
possible using an inexpensive part. However, during the
time period T1 in which the direction of the phase current I
is positive, when PWM+ is high, an electric current flows
from the power supply terminal toward GND via Q], the coil
L1, and Q4 in the stated order. On the other hand, during the
time period T1 in which the direction of the phase current I
is positive, when PWM+ is low, an electric current flows
from GND toward the power supply terminal via Q3, the
coil L1, and Q2 in the stated order. In other words, during
the time period T1 in which the direction of the phase current
1 is positive, the electric currents flowing in two directions,
namely, the direction toward GND and the direction from
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GND, both pass through the point C. The same applies to the
time period in which the direction of the phase current 1 is
negative. In other words, if a detection resistor is provided
at the point C so as to obtain voltages Vsns at its two ends,
only the waveform shown in FI1G. 9 will be obtained, and the
direction of the phase current cannot be determined.

Accordingly, U.S. Pat. No. 5,574,344 discloses a configu-
ration in which, when a differential amplifier amplifies a
voltage of a detection resistor provided at the point C, the
polarity of the voltage of the detection resistor that is input
to the differential amplifier is switched in synchronization
with a PWM signal.

FIG. 10 is a timing chart of signals when the time period
in which the PWM signal is high or low is very short. In FIG.
10, for example, during the time period T1 in which the
phase current is positive, PWM#+ is low only during a very
short time period Toffl. In this very short time period Toff1,
where PWM+ is low, Q1 and Q4 are ideally in the OFF state,
but are actually kept in the ON state. This is because, during
the time period Toff1, the gate charges of Q1 and Q4 are not
sufficiently discharged, and thus the voltages between the
gates and the sources do not become lower than a threshold
voltage. Accordingly, as shown in FIG. 10, during the time
period Toffl, the voltage Vsns remains positive, and as a
result, an input to the differential amplifier of the configu-
ration of U.S. Pat. No. 5,574,344 is negative as shown in
FIG. 10. Accordingly, also the configuration of U.S. Pat. No.
5,574,344 cannot correctly detect the phase current 1. Fur-
thermore, there is a risk that the switching of the PWM
signal between high and low will generate switching noise
in Q1 to Q4, and the generated switching noise will overlap
with the detected current value. Also in this case, it is not
possible to correctly detect the phase current I.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, a motor
driving device includes: a driving unit including a plurality
of switching elements connected to each other in a bridge
configuration, and configured to supply a driving current to
a motor; a detection unit configured to detect an electric
current flowing between the driving unit and a ground; and
a control unit configured to control the motor by obtaining
a driving current based on a detection result detected by the
detection unit, and generating a PWM signal for turning
on/off the plurality of switching elements based on a differ-
ence between the obtained driving current and a target value
of the driving current to be supplied to the motor. If the
PWM signal is at a high level, and a time period in which
the PWM signal is at the high level is longer than a
predetermined time period, the control unit performs sam-
pling of an electric current with the detection unit during the
time period in which the PWM signal is at the high level,
whereas if the PWM signal is at a high level but the time
period in which the PWM signal is at the high level is shorter
than or equal to the predetermined time period, the control
unit does not perform the sampling of the electric current
with the detection unit during the time period in which the
PWM signal is at the high level.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram schematically illustrating a configu-
ration of a motor driving device according to a first embodi-
ment.
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FIG. 2 is a timing chart of signals according to the first
embodiment.

FIGS. 3A and 3B are timing charts of the signals accord-
ing to the first embodiment.

FIG. 4 is a timing chart of the signals according to the first
embodiment.

FIG. 5 is a flowchart of processing of a motor control unit
according to the first embodiment.

FIG. 6 is a flowchart of processing of a motor control unit
according to a second embodiment.

FIG. 7 is a flowchart of processing of a motor control unit
according to the first embodiment.

FIG. 8 is a diagram illustrating a configuration of a motor
driving circuit according to an embodiment.

FIG. 9 is a diagram illustrating a phase current.

FIG. 10 is a diagram illustrating an operation of the motor
driving circuit when a time period in which a PWM signal
is high or low is short.

FIG. 11 is a diagram illustrating a configuration of an
image forming apparatus in which the motor driving device
according to the embodiments is used.

DESCRIPTION OF THE EMBODIMENTS

Hereinafter, exemplified embodiments of the present
invention will be described with reference to the drawings.
Note that the embodiments below are examples, and the
present invention is not limited to the content of the embodi-
ments. Furthermore, in the drawings below, constituent
components that are not essential for the description of the
embodiments are omitted from the drawings.

First Embodiment

FIG. 1 is a diagram illustrating a configuration of a motor
driving device 1 according to an embodiment. Note that the
configuration and operations of a motor driving circuit 100
of the motor driving device 1 are similar to those described
with reference to FIGS. 8 and 9, and thus redundant descrip-
tions thereof are omitted. A detection resistor 110 is provided
between the connection points of Q3 and Q4 of the motor
driving circuit 100, and GND, in order to detect an electric
current flowing between the motor driving circuit 100 and
GND. Note that in the detection resistor 110, a voltage Vsns
is generated according to the amplitude of a phase current I,
which is a driving current for driving a motor. An analog/
digital (A/D) converter 120 converts the voltage Vsns,
which has an analog value, into a digital value and outputs
the converted voltage Vsns, upon receiving a sampling
request from a motor control unit 210. In the present
embodiment, the motor control unit 210 is realized by a CPU
200 executing a program. However, the motor control unit
210 may be realized by hardware. Furthermore, it is also
possible that part of the processing of the motor control unit
210 that will be described below is executed by the CPU
200, and the remaining processing is realized by hardware.
A target current generation unit 211 outputs a target value of
the phase current I to run to a coil L1 as a target current
signal. For example, assuming that the phase current [ is 1
ampere, the target current signal is a signal in which infor-
mation representing the amplitude of +1 ampere and infor-
mation representing the amplitude of -1 ampere change with
respect to each other according to the frequency. A detected-
current generation unit 212 generates a detected current
signal that corresponds to the phase current I, based on the
sampled value from the A/D converter 120 and PWM+
output by a PWM generation unit 213. Note that in the
present embodiment, PWM+ is input to the detected-current
generation unit 212, but a configuration is also possible in
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which PWM- is input because PWM+ and PWM- have
phases that are opposite each other.

As described with reference to FIG. 10, the polarity of the
voltage Vsns does not coincide with the direction of the
phase current 1. Accordingly, when PWM+ is low, the
detected-current generation unit 212 generates a detected
current signal by inverting the polarity of the voltage Vsns.
Accordingly, the polarity of the detected current signal
corresponds to the direction of the phase current 1.

An amplification unit 214 amplifies an error, which is a
difference between the target current signal and the detected
current signal, and outputs the resulting signal serving as an
error current signal to the PWM generation unit 213. The
gain of the amplification unit 214 is the sum of a propor-
tional gain and an integral gain. The PWM generation unit
213 compares the error current signal with a triangular
carrier wave of a predetermined cycle, and thereby generates
PWM+ and PWM- that are to be output to the motor driving
circuit 100. In this way, the motor control unit 210 performs
feedback control by detecting the phase current using the
voltage Vsns of the detection resistor 110, and correcting its
polarity based on PWM+.

The following will describe the relationship between
PWM signal generation by the motor control unit 210 and
sampling of the A/D converter 120. FIG. 2 shows the
relationship between a triangular carrier wave (hereinafter,
referred to simply as “triangular wave”) of a predetermined
frequency, an error current signal, PWM+, and timing at
which the motor control unit 210 performs sampling of an
output of the A/D converter 120. The PWM generation unit
213 generates PWM+ and PWM- by comparing the error
current signal with the triangular wave. More specifically,
when the value (amplitude) of the error current signal is
greater than or equal to the value (amplitude) of the trian-
gular wave, PWM3+ is at a high level, and otherwise, PWM+
is at a low level. Accordingly, when the value of the error
current signal remains greater than or equal to the maximum
value of the triangular wave, the duty ratio is 100%, and
when the value of the error current signal remains smaller
than or equal to the minimum value of the triangular wave,
the duty ratio is 0%. Note that the duty ratio refers to the
ratio of a time period in which PWM#+ is high in one cycle
of PWM+.

In the present embodiment, two thresholds (threshold 1
and threshold 2) that are not smaller than the minimum value
and not larger than the maximum value of the triangular
wave are set. Here, it is assumed that the threshold 1 is larger
than the threshold 2. For example, the threshold 1 may be set
to 95% of the maximum value of the triangular wave, and
the threshold 2 may be set to 5% of the maximum value of
the triangular wave. The motor control unit 210 ordinarily
samples an output of the A/D converter 120 at timings at
which the triangular wave is largest and at which the
triangular wave is smallest. Also, the detected-current gen-
eration unit 212 generates a detected current signal based on
the sampled value and whether PWM+ is high or low. FIG.
2 shows PWM+ and sampling timings when the value of the
error current signal is between the threshold 1 and the
threshold 2. However, as described above, if the time period
in which PWM+ or PWM- is high or low is very short, the
sign of the detected current signal that is generated in this
short time period will not correctly represent the direction of
the phase current 1. Accordingly, in the present embodiment,
if the error current signal satisfies any one of the following
two conditions, the sampling will not be performed. The
condition 1 is a condition in which the value of the error
current signal is greater than or equal to the threshold 1, and
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PWM+ is low. The condition 2 is a condition in which the
value of the error current signal is smaller than or equal to
the threshold 2, and PWM+ is high. The state that satisfies
one of the conditions is a state in which the time period in
which PWM4+ is at a high level is a predetermined time
period or shorter, or a state in which the time period in which
PWM+ is at a low level is the predetermined time period or
shorter. Accordingly, when the time period in which PWM+
is at a high level is the predetermined time period or shorter,
the sampling is not performed during this high-level time
period, and when the time period in which PWM+ is at a low
level is the predetermined time period or shorter, the sam-
pling is not performed during this low-level time period.
Similarly, when the time period in which PWM- is at a high
level is the predetermined time period or shorter, the sam-
pling is not performed during this high-level time period,
and when the time period in which PWM- is at a low level
is the predetermined time period or shorter, the sampling is
not performed during this low-level time period.

FIG. 3A shows the case where the error current signal
satisfies the condition 1. As shown in FIG. 3A, if the value
of the error current signal is higher than the threshold 1, the
time period in which PWM+ is at a low level will be very
short, the PWM+ at a low level being due to the value of the
triangular wave becoming greater than or equal to the value
of the error current signal. Accordingly, the detected current
signal based on the sampled value at this time does not
correctly represent the actual phase current 1. Accordingly,
as shown in FIG. 3A, if the error current signal satisfies the
condition 1, the sampling will not be performed. FIG. 3B
shows the case where the error current signal satisfies the
condition 2. As shown in FIG. 3B, if the value of the error
current signal is lower than the threshold 2, the time period
in which PWM+ is at a high level will be very short, the
PWM+ at a high level being due to the value of the triangular
wave becoming smaller than the value of the error current
signal. Accordingly, the detected current signal based on the
sampled value at this time does not correctly represent the
actual phase current [. Therefore, as shown in FIG. 3B, if the
error current signal satisfies the condition 2, the sampling
will not be performed. Note that even if the error current
signal satisfies the condition 1 or the condition 2 at a
sampling timing, a drastic change in the error current signal
thereafter may result in the extension of the time period in
which the PWM signal is high or low. However, in actually,
the change in the error current signal is slow, and thus it is
rare to have cases in which the time period in which the
PWM signal is high or low is extended as a result, despite
the error current signal satisfying the condition 1 or the
condition 2.

According to the present embodiment, since the sampling
is not performed if the error current signal satisfies the
condition 1 or the condition 2, the value of the detected
current signal that was obtained at the last sampling timing
or at a previous sampling time is used in place of the
detected current signal at the present sampling timing. Note
that the detected-current generation unit 212 stores the value
of'the detected current signal that was obtained at a sampling
timing until the next sampling timing. Accordingly, even if
the time period in which the PWM signal is high or low is
very short, it is possible to reduce the difference between the
current detection result based on the voltage Vsns and the
actual phase current I, and to detect a motor current with
higher accuracy than in the conventional case. As a result, it
is possible to achieve stable motor current control.

FIG. 4 is a timing chart illustrating the relationship
between the signals. The motor control unit 210 samples, at
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6

each sampling timing, an output of the A/D converter 120,
that is, a digital value converted from the voltage Vsns. The
results thereof are shown as sampling results. The motor
control unit 210 generates detected current signals, which
are detected values of the phase current I, using the sampling
results and information indicating whether PWM3+ is high or
low. Specifically, if PWM+ is high, the motor control unit
210 outputs the sampled value without any change, and if
PWM+ is low, the motor control unit 210 generates a
detected current signal by inverting the polarity of the
sampled value and outputting the inverted sampled value.

Note that at the sampling timings during the time periods
Toffl and Ton1 of FIG. 4, the error current signal satisfies
either of the above-described conditions, and thus the sam-
pling is not performed. The detected-current generation unit
212 thus outputs the value of the detected current signal that
was output at one sampling timing before the timing at
which the sampling was not performed, without any change.
Accordingly, even if the time period in which the PWM
signal is high or low is very short, it is possible to reduce the
difference between the detection result of the phase current
1 based on the voltage Vsns and the actual phase current |
more so than in the conventional case.

FIG. 5 is a flowchart of processing in which the detected-
current generation unit 212 generates a detected current
signal according to the present embodiment. The processing
of FIG. 5 is to be performed at a predetermined sampling
timing, namely, in the present embodiment, at a timing at
which the amplitude of the triangular wave is maximum or
minimum. In step S10, the detected-current generation unit
212 determines whether or not the error current signal
satisfies the condition 1 or the condition 2. If it is determined
that the error current signal does not satisfy either of the
conditions, the detected-current generation unit 212
samples, in step S11, an output of the A/D converter 120.
Then, in step S12, the detected-current generation unit 212
determines whether or not PWM+ was low at the time of the
sampling in step S11. If it is determined that PWM+ was
low, the detected-current generation unit 212 inverts the
polarity of the sampled value obtained in step S11, and in
step S14, the detected-current generation unit 212 updates
the value of the detected current signal to the inverted
sampled value. On the other hand, if it is determined in step
S12 that PWM+ was high, the detected-current generation
unit 212 updates, in step S14, the value of the detected
current signal to the sampled value obtained in step S11.
Furthermore, if, in step S10, the error current signal satisfies
either of the conditions, the detected-current generation unit
212 ends the procedure without updating the value of the
detected current signal.

As described above, in the present embodiment, if the
value of the error current signal at a sampling timing is not
within a predetermined range, the value of the detected
current signal obtained at the last sampling timing is used as
the value at the present sampling timing. On the other hand,
if the value of the error current signal is within the prede-
termined range at the sampling timing, the value of the
detected current signal is obtained based on the current value
detected using the detection resistor 110. Note that the
predetermined range is determined such that a period of time
in which the logical values (high/low) of PWM+ and
PWM-, which are pulse signals, do not change is longer
than a predetermined period of time. Note that the prede-
termined period of time refers to a period of time longer than
the period of time that is required for the switching elements
Q1 to Q4 of the motor driving circuit 100 to switch on/off.
With the foregoing configuration, it is possible to correctly
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determine the value and direction of the phase current I, and
to achieve stable motor control.

Second Embodiment

The following describes a second embodiment with a
focus on differences from the first embodiment. In the first
embodiment, if the error current signal satisfies the condi-
tion 1 or the condition 2, sampling is not performed, as
shown in FIG. 5. In the present embodiment, sampling of an
output of the A/D converter 120 is performed at every
predetermined timing, namely, in the present embodiment,
every timing at which the amplitude of the triangular wave
is maximum or minimum. However, if the error current
signal satisfies the condition 1 or the condition 2, the
detected current will not be updated to the sampled value,
and the current value that was detected at the last sampling
timing and was stored in the detected-current generation unit
212 is maintained.

FIG. 6 is a flowchart of processing in which the detected-
current generation unit 212 generates a detected current
signal according to the present embodiment. The detected-
current generation unit 212 samples, in step S20, an output
of the A/D converter 120, and determines, in step S21,
whether or not the error current signal satisfies the condition
1 or the condition 2. If it is determined that the error current
signal does not satisfy either of the conditions, the detected-
current generation unit 212 determines, in step S22, whether
or not PWM+ was low at the time of the sampling in step
S20. If it is determined that PWM+ was low, the detected-
current generation unit 212 inverts the polarity of the
sampled value obtained in step S20, and updates, in step
S24, the value of the detected current signal to the inverted
sampled value. On the other hand, if it is determined in step
S22 that PWM+ was high, the detected-current generation
unit 212 updates, in step S24, the value of the detected
current signal to the sampled value obtained in step S20.
Furthermore, if, in step S21, the error current signal satisfies
either of the conditions, the detected-current generation unit
212 ends the procedure without updating the value of the
detected current signal.

Third Embodiment

The following describes a third embodiment with a focus
on differences from the first and second embodiments. In the
first and second embodiments, if the error current signal
satisfies the condition 1 or the condition 2, the value of the
detected current signal at the last sampling timing is
regarded as the value of the detected current signal at the
present sampling timing. In the present embodiment, if the
error current signal satisfies the condition 1 or the condition
2, the value of the detected current signal at a sampling
timing is estimated based on the detected current signal at
the last sampling timing, and the estimated value is output.

In the present embodiment, the motor control unit 210 has
stored an inductance value of the coil L1 in advance. For
example, it is assumed that a time t1 is a sampling timing,
and a time t2 is the sampling timing that follows the time t1.
It is further assumed that “At” is a sampling interval t2—t1,
“L is an inductance value of the coil L1, and “V” is a power
supply voltage (24V of FIG. 1) of the motor. In this case, a
difference Al between a phase current I1 at the time t1 and
a phase current 12 at the time t2 can be estimated to be
AI=(VxAt)/L. Accordingly, if the error current signal satis-
fies the condition 1 or the condition 2 at the time t2, the
detected current signal value 12 at the time t2 can be
estimated based on the detected current signal value I1 at the
time t1, and given as 12=[1+(VxAt)/L. Note that the phase
current I1 is stored in the detected-current generation unit
212 each time it is detected.
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FIG. 7 is a flowchart of processing in which the detected-
current generation unit 212 generates a detected current
signal according to the present embodiment. The present
embodiment differs from the first embodiment shown in
FIG. 5 in that if, in step S30 of FIG. 7, the error current
signal satisfies the condition 1 or the condition 2, the
estimated value for the detected current signal is determined
in the above-described manner in step S35, and the detected
current signal is updated to the estimated value in step S34.
Note that the procedure that is performed if; in step S30, the
error current signal does not satisfy the condition 1 and the
condition 2 is the same as that of the first embodiment. Note
that a configuration is also possible in which if; in step S21
shown in FIG. 6 of the second embodiment, the error current
signal satisfies the condition 1 or the condition 2, the
estimated value for the detected current signal is determined,
and the detected current signal is updated to the estimated
value.

As described above, in the present embodiment, if the
value of the error current signal at a sampling timing is not
within a predetermined range, the estimated value for the
detected current signal at the present sampling timing is
determined based on the value of the detected current signal
obtained at the last sampling timing. With this configuration,
the phase current I can be determined more accurately, thus
making it possible to control the motor more accurately.

Summary

As described above, the foregoing embodiments disclose
configurations for accurately detecting a driving current that
is to be supplied to a motor by the motor driving circuit 100,
which includes a plurality of switching elements FETs
connected to each other in a bridge configuration. Specifi-
cally, the detection resistor 110, serving as a detection unit
for detecting an electric current, is provided in order to
detect an electric current flowing between the motor driving
circuit 100 and the ground. Furthermore, the motor control
unit 210 obtains, at a sampling timing, a driving current
based on the result of the detection by the detection unit,
obtains an error evaluation value (error current signal) based
on the difference between the obtained driving current and
the target value of the driving current that is to be supplied
to the motor, and generates a pulse signal for turning on/off
the FETs based on the obtained error evaluation value,
thereby controlling the motor. Here, the error evaluation
value refers to a value obtained by amplifying the difference
between the obtained driving current and the target value of
the driving current that is to be supplied to the motor, and the
amplification gain is obtained as, for example, the sum of a
proportional gain and an integral gain in the PI control.

Here, if the error evaluation value at a sampling timing is
not within a predetermined range, the motor control unit 210
obtains the driving current at the sampling timing based on
the driving current obtained at the last sampling timing. For
example, the motor control unit 210 can set the driving
current at the present sampling timing to the same value as
the driving current obtained at the last sampling timing.
Furthermore, the motor control unit 210 can also determine
the estimated value of the driving current at the present
sampling timing based on the driving current obtained at the
last sampling timing. This estimation may have a configu-
ration in which an inductance value of the motor is used. On
the other hand, if the error evaluation value is within the
predetermined range, the motor control unit 210 obtains the
driving current at the present sampling timing based on a
result of detection by the detection unit at the present
sampling timing.
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Note that, if the pulse signal at a sampling timing has a
first logical value, the motor control unit 210 determines that
the driving current is flowing in the direction that corre-
sponds to the direction of the electric current detected by the
detection unit. On the other hand, if the pulse signal has a
second logical value, which is different from the first logical
value, the motor control unit 210 determines that the driving
current is flowing in the direction that is opposite to the
direction of the electric current detected by the detection
unit. This is because, as explained with reference to FIG. 9,
the relationship between the direction of the electric current
flowing through the detection unit and the direction of the
driving current when the pulse signal is in the ON state is
different to when the pulse signal is in the OFF state.

Note that the motor control unit 210 generates a pulse
signal by comparing an error evaluation value with a trian-
gular wave, and the predetermined range is determined such
that a period of time in which the logical value of the pulse
signal does not change is longer than a predetermined period
of time. Furthermore, the predetermined period of time is
determined based on the period of time that is required for
the FETs to switch between ON and OFF. This is because,
as explained with reference to FIG. 10, if a time interval in
which the logical value of the pulse signal is switched is
shorter than a predetermined interval, the FETs are not
switched from the ON state to the OFF state, and remain in
the ON state. Furthermore, in this case, a result of the
detection by the detection unit does not accurately represent
the driving current, and thus the present embodiment has a
configuration in which, if the error evaluation value is not
within a predetermined range, the result of the detection by
the detection unit at this time is not used. It is thus possible
to accurately detect the driving current, making a stable
motor control possible.

Accordingly, the foregoing embodiments disclose con-
figurations in which the motor control unit 210 determines
whether or not a time interval in which the pulse signal is
switched before and after a sampling timing is shorter than
a predetermined value. If it is determined that the time
interval in which the pulse signal is switched is shorter than
a predetermined value, the motor control unit 210 obtains
the driving current at this sampling timing based on the
driving current obtained at the last sampling timing. In the
foregoing embodiments, the determination is performed by
comparing the value of the error current signal at the
sampling timing with a threshold. In other words, if the error
current signal at the sampling timing has a value greater than
or equal to the threshold 1 or a value smaller than or equal
to the threshold 2, it is determined that the time interval in
which the pulse signal is switched is shorter than the
predetermined value. Note that even if the error current
signal has a value greater than or equal to the threshold 1 or
a value smaller than or equal to the threshold 2, a case may,
as a result, occur in which the time interval in which the
pulse signal is switched is longer than or equal to a prede-
termined value, but the likelihood of the occurrence of such
a case is low, and is thus not an issue.

Note that the above-described detection result of the
electric current of the motor is used for motor vector control
or the like. For example, the motor control unit 200 deter-
mines the position of a rotor of the motor based on the
current value flowing through a winding wire of the motor
that was obtained in the above-described method, and deter-
mines the value, in a rotary coordinate system, of the driving
current that is to be supplied according to the obtained
position.
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Furthermore, the motor driving devices according to the
foregoing embodiments are used for driving a motor of an
image forming apparatus for forming an image on a sheet.
As an example, the image forming apparatus in which the
motor driving device according to the present embodiment
is mounted will be described with reference to FIG. 11. The
image forming apparatus may be an image forming appa-
ratus for forming a monochrome image, but here an image
forming apparatus for forming a multicolor image using
toners (developers) of multiple colors is envisioned. The
image forming apparatus may be a printing apparatus, a
printer, a copying machine, a multifunction peripheral
(MFP), or a facsimile apparatus. The image forming appa-
ratus is provided with four image forming stations for
forming toner images using toners of four colors, yellow
(Y), magenta (M), cyan (C), and black (K). In FIG. 11, the
reference numerals are given only to the constituent com-
ponents of the Y color station, but the four stations may have
the same configuration. Note that each station serves as an
example of an image forming unit for forming an image on
image carriers, such as a photoconductive drum 111 and an
intermediate transfer belt 116, using the toner.

A primary charging unit 112 uniformly charges the rotat-
ing photoconductive drum 111. An exposure unit 113 out-
puts laser light (a light beam) that is modulated based on an
image signal, and scans the surface of the photoconductive
drum 111 with the laser light. Accordingly, an electrostatic
latent image is formed on the photoconductive drum 111. A
developing unit 114 develops the electrostatic latent image
using the toner, and forms a toner image on the photocon-
ductive drum 111. A primary transfer roller 117 primarily
transfers the toner image on the photoconductive drum 111
to the intermediate transfer belt 116. The intermediate trans-
fer belt 116 rotates in the direction of an arrow B. The toner
image on the intermediate transtfer belt 116 is conveyed to a
secondary transfer unit constituted by the intermediate trans-
fer belt 116 and a secondary transfer roller 123. During this
time, the toner images of the respective colors formed on the
photoconductive drums 111 of the stations are primarily
transferred to the intermediate transtfer belt 116 successively,
and thereby a multicolor toner image is formed on the
intermediate transfer belt 116.

A sheet P in a sheet feeding cassette (sheet feeding unit)
124 is fed to a sheet conveyance path by a sheet feeding
roller (pickup roller) 121. The sheet P may be referred to also
as recording paper, recording material, recording media, a
form, transfer material, transfer paper, or the like. The sheet
P fed to the sheet conveyance path is conveyed to the
secondary transfer unit by conveyance rollers 122. In the
secondary transfer unit, the toner image conveyed by the
intermediate transfer belt 116 is secondarily transferred to
the sheet P. A fixing unit 125 applies heat or pressure to the
toner image, and fixes the toner image onto the sheet P.
Thereafter, the sheet P to which the toner image is fixed is
discharged to a sheet-receiving tray (sheet-receiving unit) by
sheet-discharging rollers 126. Note that the toner remaining
on the surfaces of the photoconductive drums 111 and the
intermediate transfer belt 116 are respectively removed
(collected) by drum cleaners 115 and a belt cleaner 118.

As described above, the image forming apparatus is
provided with, as rollers for conveying a sheet on which an
image is to be or is formed, the rollers such as the sheet
feeding roller 121, the conveyance rollers 122, and the
sheet-discharging rollers 126. Motors that correspond to
driving sources for driving these rollers are driven by the
motor driving device according to any of the embodiments,
in response to an instruction from a high-order control
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circuit of the image forming apparatus. Furthermore, the
motors for driving the photoconductive drums 111 and the
intermediate transfer belt 116 can be driven by the motor
driving device in accordance with any of the embodiments.

Other Embodiments

Embodiments of the present invention can also be realized
by a computer of a system or apparatus that reads out and
executes computer executable instructions (e.g., one or more
programs) recorded on a storage medium (which may also
be referred to more fully as a ‘non-transitory computer-
readable storage medium’) to perform the functions of one
or more of the above-described embodiments and/or that
includes one or more circuits (e.g., application specific
integrated circuit (ASIC)) for performing the functions of
one or more of the above-described embodiments, and by a
method performed by the computer of the system or appa-
ratus by, for example, reading out and executing the com-
puter executable instructions from the storage medium to
perform the functions of one or more of the above-described
embodiments and/or controlling the one or more circuits to
perform the functions of one or more of the above-described
embodiments. The computer may comprise one or more
processors (e.g., central processing unit (CPU), micro pro-
cessing unit (MPU)) and may include a network of separate
computers or separate processors to read out and execute the
computer executable instructions. The computer executable
instructions may be provided to the computer, for example,
from a network or the storage medium. The storage medium
may include, for example, one or more of a hard disk, a
random-access memory (RAM), a read only memory
(ROM), a storage of distributed computing systems, an
optical disk (such as a compact disc (CD), digital versatile
disc (DVD), or Blu-ray Disc (BD)™), a flash memory
device, a memory card, and the like.

While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2015-121424, filed on Jun. 16, 2015, and
No. 2016-091655, filed on Apr. 28, 2016, which are hereby
incorporated by reference herein in their entirety.

What is claimed is:

1. A motor driving device comprising:

a driving unit including a plurality of switching elements
connected to each other in a bridge configuration, and
configured to supply a driving current to a motor;

a detection unit configured to detect an electric current
flowing between the driving unit and a ground; and

a control unit configured to control the motor by obtaining
a driving current based on a detection result detected by
the detection unit, and generating a PWM signal for
turning on/off the plurality of switching elements based
on a difference between the obtained driving current
and a target value of the driving current to be supplied
to the motor;

wherein, if the PWM signal is at a high level, and a time
period in which the PWM signal is at the high level is
longer than a predetermined time period, the control
unit performs sampling of an electric current with the
detection unit during the time period in which the
PWM signal is at the high level, whereas if the PWM
signal is at a high level but the time period in which the
PWM signal is at the high level is shorter than or equal
to the predetermined time period, the control unit does
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not perform the sampling of the electric current with
the detection unit during the time period in which the
PWM signal is at the high level.

2. The motor driving device according to claim 1,

wherein the control unit is configured to generate the
PWM signal based on a comparison between the dif-
ference and a triangular wave.

3. A motor driving device comprising:

a driving unit including a plurality of switching elements
connected to each other in a bridge configuration, and
configured to supply a driving current to a motor;

a detection unit configured to detect an electric current
flowing between the driving unit and a ground; and

a control unit configured to control the motor by obtaining
a driving current based on a detection result detected by
the detection unit at a sampling timing, and generating
a pulse signal for turning on/off the plurality of switch-
ing elements based on a difference between the
obtained driving current and a target value of the
driving current to be supplied to the motor;

wherein the control unit is further configured to, if the
difference at a sampling timing is not within a prede-
termined range, obtain the driving current at this sam-
pling timing based on a driving current that was
obtained at a previous sampling timing.

4. The motor driving device according to claim 3,

wherein the control unit is further configured to, if the
difference at a sampling timing is within the predeter-
mined range, obtain the driving current at this sampling
timing based on the detection result detected by the
detection unit at this sampling timing.

5. The motor driving device according to claim 3,

wherein the control unit is further configured to, if the
difference at a sampling timing is not within the pre-
determined range, set the driving current at this sam-
pling timing to the same value as the driving current
obtained at the previous sampling timing.

6. The motor driving device according to claim 3,

wherein the control unit is further configured to, if the
difference at a sampling timing is not within the pre-
determined range, estimate the driving current at this
sampling timing based on the driving current obtained
at the previous sampling timing.

7. The motor driving device according to claim 6,

wherein the control unit is further configured to, if the
difference at a sampling timing is not within the pre-
determined range, estimate the driving current at this
sampling timing based on the driving current obtained
at the previous sampling timing and an inductance
value of the motor.

8. The motor driving device according to claim 3,

wherein the control unit is further configured to determine
that the driving current is flowing in a direction corre-
sponding to a direction of the electric current detected
by the detection unit if the pulse signal has a first
polarity at a sampling timing, and to determine that the
driving current is flowing in a direction corresponding
to a direction opposite to the direction of the electric
current detected by the detection unit if the pulse signal
has a second logical value that is different from a first
logical value.

9. The motor driving device according to claim 3,

wherein the control unit is further configured to generate
the pulse signal based on a comparison between the
difference and a triangular wave, and
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the predetermined range is determined such that a period
of time in which the logical value of the pulse signal
does not change is longer than a predetermined period
of time.

10. The motor driving device according to claim 9,

wherein the predetermined period of time is obtained
based on a period of time that is required for the
plurality of switching elements to switch on from
switch off or switch off from switch on.

11. A motor driving device comprising:

a driving unit including a plurality of switching elements
connected to each other in a bridge configuration, and
configured to supply a driving current to a motor;

a detection unit configured to detect an electric current
flowing between the driving unit and a ground; and

a control unit configured to control the motor by obtaining
a driving current at a sampling timing based on a
detection result detected by the detection unit, and
generating a pulse signal for turning on/off the plurality
of switching elements based on the obtained driving
current and a target value of the driving current to be
supplied to the motor,

wherein the control unit is further configured to, if it is
determined that a time interval from a timing when the
pulse signal is switched before the sampling timing to
a timing when the pulse signal is switched after the
sampling timing is smaller than a predetermined value,
obtain the driving current at the sampling timing based
on the driving current obtained at the previous sam-
pling timing.

12. The motor driving device according to claim 11,

wherein the control unit is further configured to, if it is
determined that the time interval from the timing when
the pulse signal is switched before the sampling timing
to the timing when the pulse signal is switched after the
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sampling timing is larger than the predetermined value,
obtain the driving current at the sampling timing based
on a detection result detected by the detection unit at
the sampling timing.

13. A motor driving device comprising:

a driving unit including a plurality of switching elements
connected to each other in a bridge configuration, and
configured to supply a driving current to a motor;

a detection unit configured to detect an electric current
flowing between the driving unit and a ground; and

a control unit configured to control the motor by obtaining
a driving current based on a detection result detected by
the detection unit, and generating a PWM signal for
turning on/off the plurality of switching elements based
on a difference between the obtained driving current
and a target value of the driving current to be supplied
to the motor;

wherein, if the PWM signal is at a low level, and a time
period in which the PWM signal is at the low level is
longer than a predetermined time period, the control
unit performs sampling of an electric current with the
detection unit during the time period in which the
PWM signal is at the low level, whereas if the PWM
signal is at a low level but the time period in which the
PWM signal is at the low level is shorter than or equal
to the predetermined time period, the control unit does
not perform the sampling of the electric current with
the detection unit during the time period in which the
PWM signal is at the low level.

14. The motor driving device according to claim 13,

wherein the control unit is configured to generate the
PWM signal based on a comparison between the dif-
ference and a triangular wave.
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