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Description
Title of Invention: DETERMINING A MOTOR ABNORMALITY
BASED ON A DRIVE COMMAND PROVIDED TO THE MOTOR
AND A CURRENT AMPLITUDE OF POWER PROVIDED TO

THE MOTOR
Background Art

[1] Disclosed herein is an image forming apparatus capable of identifying a motor ab-
normality within the image forming apparatus based on a drive command to drive a
motor and a current amplitude of power provided to the motor. An image forming
apparatus is an apparatus which performs generation, printing, reception, and
transmission of image data, and representative examples thereof may be a printer, a
copy machine, a facsimile, and a multifunction peripheral (MFP) in which functions of
at least two of the above-described devices are combined.

[2] Such an image forming apparatus is provided with a drive portion for performing
various functions, such as moving a printing paper or feeding a printing paper, and
such a drive portion is operated by a motor.

[3] In particular, in recent years, as the option unit that performs various functions can be
attached to the image forming apparatus, the number of motors that can be used in the

image forming apparatus is increasing.
Disclosure of Invention

Brief Description of Drawings

(4] The above and/or other aspects will become more apparent by reference to example
embodiments which are illustrated in the appended drawings. Understanding that these
drawings depict only example embodiments and are not therefore to be considered to
be limiting of the scope of the disclosure, the principles herein are described and
explained with additional specificity and detail via the use of the accompanying
drawings, in which:

[5] FIG. 1 is a block diagram illustrating a brief configuration of the image forming
apparatus, according to an example embodiment;

[6] FIG. 2 is a block diagram illustrating an example configuration of the image forming

apparatus, according to an example embodiment;

[7] FIG. 3 is a diagram according to an example embodiment of an engine portion of
FIG. 1;
[8] FIG. 4 illustrates a configuration of a paper transferring portion;

[9] FIG. 5 illustrates a configuration of a drive circuit of FIG. 1;
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FIG. 6 is a circuit diagram of the drive circuit of FIG. 1;
FIG. 7 illustrates a sensor unit;

FIGS. 8, 9, 10, and 11 are diagrams illustrating a method for determining an ab-
normality based on a drive current detected by a sensor; and

FIG. 12 is a flowchart illustrating a method for image forming, according to an
example embodiment.

Mode for the Invention

Example embodiments will be described below in greater detail with reference to the
accompanying drawings. The example embodiments described below may be modified
and implemented in various different forms. In order to more clearly describe the
features of the example embodiments, a detailed description of known matters to those
skilled in the art will be omitted.

Meanwhile, in the present disclosure, a case in which any one feature is connected
with the other feature includes a case in which the features are directly connected with
each other and a case in which the parts are electrically connected with each other with
other features interposed therebetween. Further, when a certain feature is stated as
“comprising” a certain feature, unless otherwise stated, this means that the certain
feature may include another feature, rather than foreclosing the same.

The term “image forming job” as used herein may mean various jobs related to the
image (e.g., printing, scanning or faxing), such as forming an image or creating/
storing/transmitting an image file. In addition, “job” may mean not only an image
forming operation but also a series of processes necessary for performing an image
forming operation.

An image forming apparatus generally operates to print out print data generated at a
terminal such as a computer onto a printing paper. An example of an image forming
apparatus includes a copier, a printer, a facsimile and a multifunction printer (MFP)
that provides combined functionality of at least two of the single apparatuses. The
image forming apparatus may refer to all apparatuses capable of performing an image
forming operation, such as a printer, a scanner, a fax machine, an MFP, a display
apparatus, or the like.

In addition, “hard copy” may refer to an operation of outputting an image on a
printing medium such as paper, and the like, and “soft copy” may refer to an operation
of outputting an image in a display apparatus, such as a TV, monitor, and the like.

In addition, “content” may refer to all types of data that are subject to an image
forming operation, such as a photo, image, document file, or the like.

In addition, “print data” may refer to data that is converted into a format printable in

a printer. Meanwhile, if a printer supports direct printing, the file itself may be print
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data.

In addition, “user” may refer to a person who performs an operation related to an
image forming operation using an image forming apparatus or a device connected to
the image forming apparatus via wire or wirelessly. In addition, “manager” may refer
to a person who has the authority to access all functions and the system of the image
forming apparatus. The “manager” and the “user” may be the same person.

FIG. 1 is a block diagram illustrating a brief configuration of an image forming
apparatus, according to an example embodiment.

Referring to FIG. 1, an image forming apparatus 100 may include an engine portion
110, a motor 120, a drive circuit 130, and a processor 140.

Here, the image forming apparatus 100 is an apparatus which performs generation,
printing, reception, and transmission of image data, and may be a printer, a copy
machine, a facsimile, and a multifunction peripheral (MFP) in which functions of at
least two of the above-described devices are combined. In this embodiment, it is
described that the present disclosure is applied to the image forming apparatus to form
an image, but the present disclosure may also be applied to an image reading
apparatus, such as a scanner.

The engine portion 110 performs an image forming job. Specifically, the engine
portion 110 may perform the image forming job under the control of the processor 140
and the start of the motor 120. In this embodiment, it is described that the engine
portion 110 performs only the image forming job. However, if the image forming
apparatus 100 is a scanner that can perform scan operations or a multifunction pe-
ripheral apparatus, the engine portion 110 may be configured to perform an image
reading operations. The detailed configuration of the engine portion 110 will be
described later with reference to FIG. 3.

The motor 120 starts the engine portion 110. For example, the motor 120 may be
included within the image forming apparatus 100, and may include a DC motor, a step
motor, and a brushless DC (BLDC) motor. The motor 120 may perform various
functions of the image forming apparatus, such as driving an organic photo conductor
(OPC), driving a fuser, and feeding paper. Although FIG. 1 illustrates only one motor,
in example embodiments, a plurality of motors may be included in the image forming
apparatus 100. Hereinafter, for convenience of explanation, an example in which one
motor is used will be described first and then, an operation when a plurality of motors
are used will be described.

The drive circuit 130 may generate a drive signal with respect to the motor 120
according to a drive command. In addition, the drive circuit 130 may provide a prede-
termined power to the motor 120. For example, when a motor is a step motor, the drive

circuit 130 may receive a drive command (for example, current magnitude information
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and speed information), provide a constant current to the step motor in response to the
received current magnitude information, and provide an impulse drive signal corre-
sponding to the speed information to the step motor. In addition, when a motor is a
BLDC motor, the drive circuit 130 may receive speed information, provide a prede-
termined constant voltage to the BLDC motor, and provide a drive signal corre-
sponding to the received speed information to the BLDC motor. The detailed con-
figuration and operation of the drive circuit 130 will be described later with reference
to FIG. 5.

In addition, the drive circuit 130 may include a sensor which detects an amplitude of
current provided to the motor. In this regard, the sensor may be disposed on a power
line between an output terminal of a power unit and a power input terminal of a motor,
and may detect an amplitude of current based on an electric field on the power line.
The detailed operation of the sensor will be described later with reference to FIGS. 6
and 7.

The processor 140 controls the respective configurations in the image forming
apparatus 100. For example, if print data is received from a print control terminal
device, the processor 140 controls the operation of the engine portion 110 to print the
received print data, and transmits a drive command for the motor that starts the engine
portion 110 to the drive circuit 130. For example, the processor 140 may transmit a
drive command for the motor such as a rotation start/stop, acceleration/moderation,
velocity reference value command and the like to the drive circuit 130.

In addition, when a motor 120 to be controlled is a step motor, the processor 140 may
provide, to the drive circuit 130, a current reference value (Vref) (hereinafter referred
to as ‘constant current control value’) as a drive command so that a predetermined
constant current is provided to the step motor. In this regard, the constant current
control value may be in the form of a pulse-width modulation (PWM) signal.

In addition, when a motor 120 to be controlled includes a brake member, the
processor 140 may provide an operation command of the brake member as a drive
command to the drive circuit 130.

In addition, the processor 140 receives information relating to an amplitude of
current detected by the drive circuit 130. For example, the processor 140 may
determine a load size of a motor based on an amplitude of voltage transferred through
an analog to digital (ADC) port (or terminal). In this regard, an amplitude of voltage
transferred through the ADC port may correspond to an amplitude of current detected
by a sensor.

In addition, the processor 140 determines whether or not a motor has an abnormality
based on the received current magnitude information. For example, when a drive

command provided to the motor is normally processed, the processor 140 may
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determine the abnormality of the motor based on information relating to possible
current ranges (that is, information relating to a lower limit of current and information
relating to an upper limit of current) and the detected current magnitude.

In this regard, the reason for having different current ranges for each drive command
is that the load size applied to the motor may vary depending on the drive command.
For example, since the motor does not feed paper during the warm-up process just
before printing, the load on the motor is small. However, in the actual printing process,
the load on the motor is increased.

In this respect, the processor 140 may determine whether the motor has an ab-
normality based on only information relating to the detected current corresponding to
one drive command, but may alternatively provide different drive commands to the
motor 120 sequentially and determine whether the motor has an abnormality based on
the detected current information according to each drive command. For example, the
processor may primarily provide a first drive command to drive at a first speed to the
motor 120, and then secondarily provide a second drive command to drive at a second
speed higher than the first speed to the motor 120.

In addition, the processor 140 may determine the abnormality of the motor in con-
sideration of first current information and second current information after each drive
command comprehensively.

In addition, a size of load on the motor may vary depending on the type of printing
paper and thus, the current range information described above may have different
values simply according to a drive command and may have different values according
to a drive command and a type of printing paper.

In addition, in example embodiments, the current range information described above
may be one range to determine normal or error in any print paper or any drive
command.

Meanwhile, the processor 140 may not use the entire current magnitude that is
detected after a drive command is received, and may determine the abnormality by
using only the current amplitude detected a predetermined time after the drive
command is received. For example, in the case of a BLDC motor, a large amount of
current is supplied at the time of initial operation. In order not to determine whether the
current suddenly increases at this early stage or not is related to abnormality, when the
current range information is widened, it may be difficult to detect abnormality as
described above. Thus, the current range information may be set to determine an error
in an interval excluding the initial operation, and an amplitude of current immediately
after the drive command may not be used to determine an error.

In addition, when determining that the motor has an abnormality, the processor 140

may determine a reason for the abnormality based on the detected current magnitude.
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For example, the processor 140 may determine an abnormality reason corresponding a
currently-detected current magnitude by using a lookup table corresponding to an ab-
normality cause for each current magnitude.

For example, if the motor is deteriorated, the motor will operate normally but the
power consumed may be somewhat higher than the normal state. Accordingly, when
an amplitude of a current detected after a drive command fluctuates near the upper
current limit, the processor 140 may determine that the motor is deteriorated.

In addition, when the motor is not operated at all, the current may be very low or
may not be supplied. Accordingly, when an amplitude of a current detected after a
drive command fluctuates below the lower current limit, the processor 140 may
determine that the failure of the motor is the cause of the abnormality.

If the motor is not faulty, but there is a fault in another member connected to the
motor (for example, jamming, gear failure of the coupling part), a current much higher
than the normal range may be supplied. Accordingly, when the amplitude of the
current sensed after the drive command exceeds the current upper limit value, the
processor 140 may determine that jamming or an abnormality of the coupling part
connected to the motor is the cause of the abnormality. In the above example em-
bodiment, the cause of the abnormality is determined based on the amplitude of the
current corresponding to one drive command. In example embodiments, an amplitude
of current before a drive command and an amplitude of current of a drive command
may be considered together, and multiple drive commands with respect to one motor
may be applied and a cause of the abnormality may be determined based on an
amplitude of current according to each drive command.

In addition, the processor 140 may determine a state of a motor by comparing pre-
stored current information and currently-detected current information. For example,
the processor 140 may compare current information in the past that is pre-stored in the
memory 180 (see FIG. 2) with current information in the same drive state, and may
determine that the motor is deteriorated when the difference is more than a prede-
termined value.

In addition, when it is detected that the motor has an abnormality, or the motor is
found to be defective, the processor 140 may stop driving of the motor. For example,
the processor 140 may stop the work in progress if it detects an abnormality of the
motor and it is determined that the identified fault is serious.

In addition, when a motor fault is detected, the processor 140 may control the display
160 (see FIG. 2) to display information relating to the motor fault. In this regard, the
displayed information may include information relating to a motor in which the fault is
detected, manual information for correcting the corresponding fault, and the like. For

example, when the detected error is jamming, the processor may control the display
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160 to display that a jamming has occurred and how to remove a printing paper in the
engine portion.

If it 1s difficult for the user to fix the corresponding fault (or error) by himself/herself,
the processor 140 may automatically notify a management server corresponding to a
service center of the corresponding error.

Meanwhile, checking the abnormality of the motor as described above may be
carried out in real time during a normal printing process. In addition, the processor 140
may provide a drive signal to a motor at a predetermined time point, and may test
whether the motor has an abnormality based on an amplitude of a current according to
the drive signal. In this regard, the predetermined time point may be a point of initial
operation of an image forming apparatus, may be a warm-up point time before a
printing operation is actually carried out, or may be a time point at which the number
of printed papers is more than a predetermined number.

For example, when a print command is received in an image forming apparatus, the
processor 140 may control the engine portion 110 to perform a warm-up for
performing a printing operation, and may perform the above-described operation to
detect an abnormality in the motor during the warm-up process.

In the above example embodiment, the abnormality with respect to one motor is
detected. However, an image forming apparatus 100 may include a plurality of motors
as well. In this case, the processor 140 may apply a drive command to a plurality of
motors sequentially and sequentially determine the abnormality of each of the motors,
or may simultaneously apply a drive commands by group and determine the ab-
normality of the corresponding group based on an amplitude of current supplied to
each of the groups.

If it is determined that the motor group has an abnormality, the processor 140 may
sequentially provide a drive command to each of the motors in the group and identify a
motor that is faulty. The detailed description of detecting the abnormality of a plurality
of motors will be described later with reference to FIGS. 5 and 6.

In the above example embodiment, the processor 140 determines the abnormality of
the motor 120. In example embodiments, it may also be configured such that a drive
circuit 130 may determine the abnormality of the motor, and that only when de-
termining that the motor is abnormally operated, the drive circuit 130 transfers in-
formation relating to the abnormality to the processor 140.

In the above example embodiment, the processor 140 determines only the ab-
normality in the motor 120. In example embodiments, it is also possible to receive, in
the image forming apparatus 100, current information for each configuration operating
through the power supply, and to determine whether the configuration other than the

motor is abnormal. This will be described below with reference to FIG. 6.
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In the above example embodiment, the drive circuit 130 includes a sensor which
detects an amplitude of current. In example embodiments, the corresponding sensor
may be an additional sensor having a separate drive circuit 130.

On the other hand, FIG. 1 illustrates that the motor 120 and the drive circuit 130 are
separately configured. During implementation, however, the motor 120 may be im-
plemented as a configuration in the drive circuit 130.

Meanwhile, although the above illustrates and explains the simple constitution of the
image forming apparatus, various new units may be additionally included in actual im-
plementation. It will be explained below by referring to FIG. 2.

FIG. 2 is a block diagram illustrating an example configuration of the image forming
apparatus according to an example embodiment.

Referring to FIG. 2, the image forming apparatus 100 according to an example em-
bodiment of the present disclosure may include an engine portion 110, a motor 120, a
drive circuit 130, a processor 140, a communication interface 150, a display 160, an
operation input interface 170, and a memory 180.

The engine portion 110, the motor 110, and the processor 140 perform the same
function as those of FIG. 1, and thus, the description thereof will be omitted.

The communication interface 150 is connected to a print control terminal device (not
illustrated), and receives print data from the print control terminal device. For example,
the communication interface 110 is formed to connect the image forming apparatus
100 to an external device, and may be connected to the terminal device through not
only a local area network (LAN) or the Internet but also a universal serial bus (USB)
port or a wireless communication (e.g., Wi-Fi 802.11a/b/g/n, near field communication
(NFC), or Bluetooth) port. In this regard, a print control terminal may be a general PC
or a laptop PC, and may be a mobile device such as a smart phone.

The communication interface 150 receives print data from the print control terminal
device. Further, if the image forming apparatus 100 has a scanner function, the com-
munication interface 110 may transmit generated scan data to the print control terminal
device or an external server (not illustrated).

In addition, when the abnormality of the motor is determined in the image forming
apparatus, the communication interface unit 150 may provide information relating to
the abnormality to the management server corresponding to the service sensor.

The display 160 may display various information provided from the image forming
apparatus 100. For example, the display 160 may display an operation state of the
image forming apparatus 100, or may display a user interface window for selecting
functions and options that the user can select. The display 160 may be a monitor, such
as liquid crystal display (LCD), CRT, and the like, and may be implemented by a touch

screen that may simultaneously perform the function of the operation input unit 170 to
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be described later.

Further, the display 160 displays the operation state of the image forming apparatus
100. When the abnormality in the motor is determined, the display 160 may display in-
formation corresponding to a type of the determined defect. The information displayed
at this time may include information relating to the defect itself, manual information
for solving the corresponding defect, and information such as contact information (or
contact method) of the service sensor.

Further, the operation input interface 170 may include a plurality of function keys
with which the user may set or select various functions supported by the image
forming apparatus 100. The operation input interface 170 may be implemented as an
apparatus such as a mouse, a keyboard, and the like, and may also be implemented as a
touch screen capable of simultaneously performing the functions of the display 160
described above. Through the above process, the user can input various drive
commands with respect to the image forming apparatus 100.

In addition, when the image forming apparatus 100 has a plurality of paper loading
containers, the operation input interface 170 may select a paper loading container to be
used for the print job. Alternatively, the operation input interface 170 may receive
various information associated with printing papers to which a print job is to be
performed. In this regard, the various information associated with the printing paper
may be a paper size, coating information, thickness information, and the like.

The memory 180 may store print data. For example, the memory 180 may store print
data that is received through the communication interface 150 described above. The
memory 180 may be implemented to be an external storage medium, a removable disk
that includes a Universal Serial Bus (USB) memory, and/or a web server through a
network as well as a storage medium within the image forming apparatus 100.

In addition, the memory 180 may store a lookup table usable to control the motor
120. Here, the lookup table may be an acceleration table having pulse cycle in-
formation for drive speeds of the step motor, and may be a speed or acceleration table
corresponding to a plurality of load voltages (Vload), a lookup table for torque values
that correspond to a plurality of load voltages Vload, or a lookup table for constant
current control voltages, for example Vref values or control voltage values, that
correspond to the plurality of load voltages Vload.

In addition, the memory 180 may store the current lower limit value information and
the current upper limit value information in the form of a lookup table in the normal
operation for each of the motors to determine the abnormality of the motor. The in-
formation relating to the lower limit value and the upper limit value may be indi-
vidually stored per drive command.

In addition, the memory may store information regarding an amplitude of a current
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outputted from a sensor.

In the current embodiment, it is described that the memory 180 stores a lookup table.
However, in example embodiments, the lookup table may be stored in the drive circuit
130 or the processor 140, which will be described later.

As described above, the image forming apparatus 100 according to the example em-
bodiment may determine whether the motor is abnormal even if a sensor capable of
detecting an abnormality in the drive portion is not used. Accordingly, a structure of an
image forming apparatus can be further simplified, and a circuit configuration can be
made easier and with lower cost.

In addition, the image forming apparatus 100 can continuously monitor the change in
the current of the motor and can predict the possibility of an abnormality of the
apparatus due to the life of the component caused by the increase in the load of the in-
strument drive gear friction portion or the increase in the coupling load on the
assembly.

In addition, the image forming apparatus 100 may accurately identify in which con-
figuration an error has occurred even if the motor failure occurs, making it easy to fix
the failure.

FIG. 3 is a diagram of an engine portion, according to an example embodiment.

Referring to FIG. 3, the engine portion 110 may include a photosensitive drum 111, a
charger 112, an exposure equipment 113, a developer 114, a transfer equipment 115,
and a presser 118.

The engine portion 110 may further include a feeding means (not illustrated) which
supplies a printing medium (P). An electrostatic latent image is formed in the photo-
sensitive drum 111. The photosensitive drum 111 may be referred to as a photo-
sensitive drum, a photosensitive belt, and the like, according to forms.

Hereinafter, for the convenience of explanation, the feature of the engine portion 110
corresponding to one color will be described as an example, but at the time of imple-
mentation, the engine portion 110 may include a plurality of photosensitive drums 111
corresponding to a plurality of colors, a plurality of chargers 112, a plurality of
exposure devices 113, a plurality of developing devices 114, and an intermediate
transfer belt.

The charger 112 charges the surface of the photosensitive drum 111 to a uniform
potential. The charger 112 may be implemented as a corona charger, a charging roller,
a charging brush, and the like.

The exposure device 113 may change the surface potential of the photosensitive
drum 111 based on information on an image to be printed to form an electrostatic
latent image on the surface of the photosensitive drum 111. As an example, the

exposure device 113 may form an electrostatic latent image by irradiating the photo-
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sensitive drum 111 with light modulated in accordance with the information on the
image to be printed. An exposure device 113 of this type may be referred to as a light
scanning device or the like, and an LED may be used as a light source.

The developing device accommodates the developer therein, and supplies the
developer to the electrostatic latent image to develop the electrostatic latent image into
a visible image. The developing device 114 may include a developing roller 117 for
supplying the developer to the electrostatic latent image. For example, the developer
may be supplied from the developing roller 117 to the electrostatic latent image which
is formed on the photosensitive drum 111 by the developing electric field formed
between the developing roller 117 and the photosensitive drum 111.

The visible image which is formed on the photosensitive drum 111 is irradiated to a
recording medium (P) by the transfer device 115 or an intermediate transfer belt (not
illustrated). The transfer device 115 may transfer the visible image to a recording
medium, for example, by the electrostatic transfer method. The visible image is
attached to the recording medium (P) by electrostatic attraction.

The fixing device 118 fixes a visible image on the recording medium P by applying
heat and/or pressure to a visible image on the recording medium P. The printing
operation is completed by this series of processes.

The developer described above are used every time an image forming operation is
made and exhausted when used for or more than a predetermined period of time. In
such a case, it is necessary to replace the developer storage unit, for example, the de-
veloping device 114 described above. Components or configurative elements that may
be replaced in the process of using an image forming apparatus are called consumable
units or replaceable units. In addition, for proper management of the corresponding
consumable unit, memory or CRUM chip may be attached to the consumable unit.

Meanwhile, the motor 120 may perform an operation of rotating each configuration
of the engine portion 110 described above. In example embodiments, one motor 120
may simultaneously rotate a plurality of configurations of the engine portion 110
described above. Alternatively, a plurality of motors in combination may rotate the
plurality of configurations described above.

In the illustrated example, it is illustrated and described only a configuration directly
related to image forming. However, the engine portion 110 may further include a paper
transferring portion 119 which moves papers loaded in the loading container to the
transfer portion and pressing portion described above. The configuration of such a
paper transferring portion will be described later with reference to FIG. 4.

FIG. 4 illustrates an example configuration of a paper transferring portion.

Referring to FIG. 4, the paper transferring portion 119 moves a printing papers

loaded in a loading container to a predetermined paper transferring path. To this end,
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the paper transferring portion 119 may include a plurality of motors 120-1, 120-2 and
120-3 and structures R1, R2, R4 and R6 that are movable by the plurality of motors
120-1, 120-2 and 120-3.

The plurality of motors 120-1, 120-2 and 120-3 provides power for activating a
structure. For example, a first motor 120-1 drives a plurality of rollers R1 and R2 to
put a manuscript loaded in a loading container in a paper transferring path.

In addition, a second motor 120-2 drives a plurality of rollers R4 and $R6 to move
printing papers discharged from a loading container to the transferring device and the
fixing device.

A third motor 120-3 raises the printing paper in the loading container to the upper
end and activates an instrument for bringing the printing paper into contact with the
roller R1.

Through the configuration described above, when a print command is received, the
processor 140 may provide a drive command to the plurality of motors 120-1 and
120-2 to operate a drive speed corresponding to a printing speed.

Based on the drive command, the plurality of motors 120-1 and 120-2 drives the
structures R1, R2, R4 and R6 and accordingly, printing papers loaded in the loading
container are moved to the transferring device in the engine portion 110.

Meanwhile, in related art, to identify whether the paper transfer in this process is
normally performed, paper sensors 191 and 192 disposed on the paper transferring path
10 are used. That is, when it is identified that papers are sequentially sensed according
to signals S3, S4 output from the paper sensors 191 and 192, the processor 140 de-
termined that the plurality of motors 120-1, 120-2 and 120-3 are operated normally.

However, such a paper detection sensor 190 is difficult to install because it needs to
be disposed on the movement path of the paper. In addition, in order to check whether
the motor is operating normally, it is not possible to confirm the initial product error
because the paper feeding test is actually performed to check whether the motor is
abnormal.

In this respect, in the example embodiment, it is identified whether the motor is
normally operated, by using a current supplied to the motor. For example, the first
motor 120-1 performs activation after a first drive command and thus, the structures
R1 and R2 pick up a printing paper.

As the structures pick up a printing paper, the load on the first motor 120-1 is
increased, and when the paper feeding is ended, the load is decreased.

Such a load variation can be identified by the processor 140 through a current sensor.
That is, even if related-art paper sensor is not used, whether the motor is operated
normally can be identified by only a change in current magnitude flowing in the motor.

If there is no paper in the loading container, a current flowing through the first motor
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120-1 may not vary significantly even if a drive command is received. Accordingly,
the processor may identify that a paper loaded in the loading container is not
transferred to the paper transferring path. In addition, based on the above, the processor
140 may display an error state in which there is no printing paper, on a display.

If a jamming occurs while a paper is transferred from the loading container to the
paper transferring line, a current is increased by more than a predetermined value after
the first motor 120-1 provides a drive command, and an amplitude of the current may
be further increased by the jamming. In this regard, when a current of the second motor
120-2 is maintained low, for example in a state in which a printing paper does not pass
through an instrument driven by the second motor, the processor 140 may identify that
a paper jamming has occurred between the loading container and the paper transferring
line.

In the above example embodiment, only the operation of the paper transferring
portion disposed on the loading container is described. However, the above-described
operation may be applied on the transferring path of the printing paper in the engine
portion.

FIG. 5 illustrates a configuration of a drive circuit of FIG. 1.

Referring to FIG. 5, the motor control apparatus 200 controls a plurality of step
motors 120-1, 120-2, 120-3, and 120-4. In this regard, the motor control apparatus 200
is a configuration corresponding to the drive circuit of FIG. 1. Although FIG. 1 il-
lustrates that determination of whether a motor is abnormal or not is made in the
processor, the motor control apparatus of FIG. 5 is an apparatus which performs some
operations of the processor of FIG. 1, for example operations of determining an ab-
normality. The motor control apparatus 200, which will be described below, may be
included in an image forming apparatus, and may be configured as a separate device
other than the image forming apparatus.

The plurality of motors 120-1, 120-2, 120-3 and 120-4 may be the same step motors,
and the step motor, the BLDC motor, and the DC motor may be used interchangeably.
That is, the motor control apparatus 200 may be configured to generate a drive signal
with respect to a step motor and controls the BLDC motor and the DC motor.

The motor control apparatus 200 may include a drive portion 220, a sensor portion
230, and a drive processor 250.

The drive portion 220 provides the plurality of motors 120-1, 120-2, 120-3 and 120-4
with power corresponding to each motor. Hereinbelow, for convenience of ex-
planation, it will be assumed that the first motor 120-1 and the second motor 120-2 are
step motors, and that the third motor 120-3 and the fourth motor 120-4 are BLDC
motors.

First, the drive portion 220 may provide a predetermined constant current to the first
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motor 120-1 based on a drive signal with respect to the first motor 120-1 transferred
from the drive processor 250 and a current reference value (Vref). In the same manner,
the drive portion 220 may provide the second motor 120-2 with a predetermined
constant current corresponding to the second motor 120-2. In addition, the drive
portion 220 may provide a constant voltage of a predetermined magnitude to the third
motor 120-3 and the fourth motor 120-4.

Meanwhile, in the illustrated example, the motor drive apparatus 200 includes one
drive portion 220. However, in example embodiments, the number of drive portions
may be as many as the number corresponding to the number of motors. Alternatively, a
different drive portion 220 may be provided for each motor type.

The sensor portion 230 measures an amplitude of current of power supplied to a
power input terminal of each motor. For example, the sensor portion 230 may detect an
amplitude of current of power supplied to each motor by using a sensor detecting an
amplitude of current based on an electric field.

In the above example embodiment, a sensor using a magnetic field is used and thus, a
current provided to each motor can be detected using the same sensor regardless of a
type of motor, such as BLDC motor, step motor, or the like.

In addition, such a sensor may be disposed in the output terminal of the motor, and
may be disposed in the input terminal. Accordingly, one sensor may commonly sense a
current supplied to a plurality of motors. An example thereof will be described below
with reference to FIG. 6.

Meanwhile, the sensor portion 230 may include a smoothing circuit for smoothing an
output value of a sensor. The output value of the smoothing circuit may be a sensing
voltage value (Vsens), and the corresponding value may be provided to an analog-
to-digital converter (ADC) terminal of a drive processor 250 or a processor 140.

The drive processor 250 receives the drive command from the controller 140, and
may control the drive portion 220 based on the received drive command to control a
drive state of the motor. For example, the drive processor 250 may receive a drive
command for the motor from the processor 140. In this regard, the drive command may
include a start/stop of rotation of the step motor, an acceleration/deceleration, a
velocity reference value, and whether the brake is operated, or the like.

The above-described drive command may be received from the processor 140
through an SPI (Serial Peripheral Interface), which is an interface that enables two
devices to exchange data through serial communication and a serial communication
interface such as I2C that is a bidirectional serial bus.

Then, the drive processor 250 generates a drive signal for the motor 120 according to
the received drive command. Specifically, when the step motor is controlled, the drive

processor 250 may generate the drive signal by using pulse cycle information of a
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speed change period that corresponds to the drive command in the acceleration table.
Here, the acceleration table is a table having the pulse cycle information by drive
speeds of the step motor 150. The acceleration table may be stored within the drive
processor 250, may be stored in the above-described memory 180, or may be read by
the drive processor 250 if needed.

In addition, when a motor 120 to be controlled is a step motor, the drive processor
250 may provide, to the drive portion 220, a current reference value (Vref) (hereinafter
referred to as ‘constant current control value’) as a drive command so that a prede-
termined constant current is provided to the step motor. In this regard, the constant
current control value may be in the form of a pulse-width modulation (PWM) signal.

In addition, when a motor 120, for example motor 120-2, to be controlled includes a
brake member, the drive processor 250 may provide an operation command of the
brake member as a drive command to the drive portion 220.

In addition, the drive processor 250 receives information relating to an amplitude of
current detected by the sensor portion 230. For example, the drive processor 250 may
determine a load state of each motor based on an amplitude of voltage transferred
through an ADC port (or terminal). In this regard, an amplitude of voltage transferred
through the ADC port corresponds to an amplitude of current detected by a sensor.

In addition, the drive processor 250 determines whether or not a motor has an ab-
normality based on the received current magnitude information. For example, when a
drive command provided to the motor is normally processed, the drive processor 250
may determine the abnormality of the motor based on information relating to possible
current ranges (that is, information relating to a lower limit of current and information
relating to an upper limit of current) and the detected current magnitude.

Meanwhile, the drive processor 250 may not use the entire current magnitude that is
detected after a drive command is received, and may determine the abnormality by
using only the current amplitude detected a predetermined time after the drive
command is received (hereinafter, an operation of using only an amplitude of after a
predetermined time is referred to as ‘masking operation”). Such a masking operation
may not be applied to all motors, but may be applied to only current magnitudes of
some motors.

In addition, when determining that the motor has an abnormality, the drive processor
250 may determine a reason for the abnormality based on the detected current
magnitude. For example, the drive processor 250 may determine an abnormality reason
corresponding a currently-detected current magnitude by using a lookup table corre-
sponding to an abnormality cause for each current magnitude.

In addition, when it is detected that the motor has an abnormality, or the motor is

found to be defective, the drive processor 250 may stop driving of the motor. For
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example, the drive processor 250 may stop driving of all motors if it detects an ab-
normality of the motor and it is determined that the identified fault is serious.

Meanwhile, checking the abnormality of the motor as described above may be
carried out at all times. In addition, when a test command is received from the
processor 140, the motor control apparatus 200 may provide a drive command for each
motor or for each motor group and identify whether the motor is abnormal based on an
amplitude of current according to the drive command.

As described above, the motor control apparatus 200 according to the example em-
bodiment may determine whether the motor is abnormal even if a sensor capable of
detecting an abnormality in the drive portion is not used. In addition, the motor drive
apparatus 200 can continuously monitor the change in the current of the motor and can
predict the possibility of an abnormality of the apparatus due to the life of the
component caused by the increase in the load of the instrument drive gear friction
portion or the increase in the coupling load on the assembly.

In the illustrated example, it is illustrated that the motor control apparatus 200 is not
provided with the motor 120. During implementation, however, the motor control
apparatus 200 may be provided to include the motor 120.

In addition, FIG. 5 illustrates and describes that the drive portion 220 and the drive
processor 250 are separate configurations. However, in example embodiments, the
drive portion 220 and the drive processor 250 may be implemented as one con-
figuration.

FIG. 6 is a circuit diagram of the drive circuit of FIG. 1.

Referring to FIG. 6, the motor control apparatus 200 may include a drive power
portion 210, a plurality of drive portions 220-1 and 220-2, a plurality of sensors 230-1,
230-2 and 230-3, and a drive processor 250.

The drive power portion 210 provides power provided from the power portion 105 to
each configuration in the motor control apparatus 200. When the motor control
apparatus 200 utilizes a plurality of powers, the drive power portion 210 may receive
different powers from the power portion 105 via a plurality of channels.

The first drive portion 220-1 may receive power of a first channel and generate a
constant current corresponding to each of a plurality of motors 120-1 and 120-2. In
addition, the first drive portion 220-1 may provide the generated constant current to
each of the motors 120-1 and 120-2. The constant current generated at this time cor-
responds to a constant current control value (Vref) which is provided from the drive
processor 250.

In addition, the first drive portion 220-1 may provide an impulse signal for driving
each of the first motor 120-1 and the second motor 120-2 based on a drive command

provided from the drive processor 250.
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The second drive portion 220-2 may receive power of a second channel and provide
a constant voltage to a third motor 120-3. In addition, the second drive portion 220-2
may perform speed control with respect to the third motor 120-3 based on a drive
command provided from the drive processor 250.

In addition, the second drive portion 220-2 may control the operation of a brake
member within the third motor 120-3 based on a drive command provided form the
drive processor 250.

The sensor portion 230 detects an amplitude of a power supplied to each motor.
Specifically, the sensor portion 230 may include a first sensor 230-1, a second sensor
230-2, and a third sensor 230-3. Each sensor may be different only in disposition
position, but they may be the same type of sensors, that is, a current detecting sensor
which detects an amplitude of current based on an electric field flowing through a
power line.

The first sensor 230-1 may be disposed between a first input terminal 210-1
receiving a first output of the power portion 105 and the first drive portion 220-1 and
detect an amplitude of current of a power commonly provided to the first motor 120-1
and the second motor 120-2.

The second sensor 230-2 may be disposed between a second input terminal 210-2
receiving a second output of the power portion 105 and the second drive portion 220-2
and detect an amplitude of current of a power commonly provided to the third motor
120-3.

The third sensor 230-3 may be disposed between a second input terminal 210-2
receiving a second output of the power portion 105 and a plurality of drive portions
220-2 (HVPS) and detect an amplitude of current of a power provided to the second
drive portion and the HVPS.

The amplitude of current of power detected in the first sensor 230-1, the second
sensor 230-2 and the third sensor 230-3 may be provided to an ADC port of the drive
processor 250.

The detailed configuration of the first, second and third sensors will be described
later with reference to FIG. 7.

The drive processor 250 may receive information relating to a current detected from
the plurality of sensors 230-1, 230-2 and 230-3, and determine the abnormality of the
plurality of motors 120-1, 120-2 and 120-3 based on the received current information.
The detailed process of determining the abnormality based on the current amplitude
detected this way will be described later with reference to FIGS. 8 to 9.

It is determined in the above example embodiment that the drive processor 250
detects only the abnormality of a plurality of motors. However, in example em-

bodiments, the abnormality of the drive portion (HVPS), not the motor, may be de-
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termined based on an amplitude of current detected in the third sensor 230-3 and the
second sensor 230-2. In other words, it can be determined that an abnormality of the
HVPS occurs when the change of the current amplitude in the third sensor exceeds a
predetermined range even though the current amplitude is not largely changed in the
second sensor.

FIG. 7 illustrates a sensor unit.

Referring to FIG. 7, the sensor unit 230 is disposed on a power path, and includes a
sensor 231 and a smoothing circuit 237.

The sensor 231 detects a magnetic field generated according to a current flow within
the power path, and outputs information relating to an amplitude of current corre-
sponding to the detected magnetic field as a voltage magnitude.

Meanwhile, a step motor is operated as an impulse signal and thus, when a voltage
value output from the sensor 231 is directly used, it is impossible to detect an
amplitude of current accurately.

In this respect, the smoothing circuit 237 may smooth an output value of the sensor
231 and provide the smoothed voltage value to an ADC port of the drive processor
250.

The smoothing circuit 237 is a resistor-capacitor (RC) smoothing circuit including a
plurality of resistors 232 and 234 and a plurality of capacitors 233 and 235. In the il-
lustrated example, a smoothing circuit is configured using two serially-connected RC
circuits. However, in example embodiments, it is possible to use only one RC circuit,
or to configure a smoothing circuit through a circuit configuration other than the RC
circuit.

FIGS. 8, 9, 10, and 11 are diagrams illustrating a method for determining an ab-
normality based on a drive current detected by a sensor.

For example, FIG. § illustrates a method of determining the abnormality of a
plurality of motors in a case in which the plurality of motors are driven concurrently.

Meanwhile, a plurality of motors may be driven concurrently, or a plurality of motors
may be cumulatively driven in stages.

First, a method of determining the abnormality of a plurality of motors in a case in
which the plurality of motors are cumulatively driven will be described below.

Referring to FIGS. 8 and 9, it is possible to sequentially drive a plurality of motors
during the initial set warm-up operation or in the set check stage before going to the
preparation stage.

The section @) is a section for driving a first motor only, the section (b is a section
for driving the first motor and a second motor concurrently, and the section (©) is a
section in which a third motor is added to first motor and the second motor and cumu-

latively driven sequentially. Referring to a current value detected in each section, it can
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be identified that the motor is cumulatively driven in stages and a load current required
for the drive is accordingly increased.

In this way, since the motor or the load to be driven is added for each specific
section, the load current required for driving needs to be larger than before, when the
amplitude of the detected current does not exceed the range of (@ even if the first
motor and the second motor are simultaneously operated, it can be seen that a problem
or an abnormality has occurred in the second motor which is the motor driven at the
time point.

Through the sequential accumulation drive, it is determined whether the load current
is increased as much as the load added compared with the load current of the previous
stage, thereby reducing the judgment error due to the increase in the total current
caused by the usage environment of each individual load or the increase in the load
current for life.

When such a determination is made, when a ripple is included in a sensing voltage
according to a drive current, the comparison may be made using an average voltage of
a drive section and the like.

A method of determining the abnormality of a plurality of motors in a case in which
the plurality of motors are driven concurrently will be described below.

As described in FIG. 7, it is possible to group a plurality of motors and to detect an
amplitude of current of a plurality of groups in a group with one sensor. At this time,
since multiple loads are simultaneously driven, a large complex load current flows as
shown in operation (c) of FIG. 8.

At this time, the maximum and minimum current values when driving in () mode are
stored in memory based on the composite load current of (© mode. Thereafter, it is
possible to determine the abnormality by comparing the maximum and minimum
values of the reference current values of the (©) mode stored in the system by sensing
the current value operated in the (© mode in the initial set warm-up operation or the set
self-checking before going to the preparation stage.

Meanwhile, when the load current detected in the (© mode is sensed as being less or
larger than the reference current value as in (©, it may be determined that the ab-
normality occurred in any one of motors in the corresponding group.

If it is determined that the abnormality occurs in any one from among motors in the
group, it may be identified as to which motor is abnormal by using the sequential drive
method described above or by using the method of FIG. 9 which will be described
below.

As described above, a plurality of motors are simultaneously driven and the ab-
normality of a plurality of motors is determined through the above, and thus, it is

possible to determine the abnormality quickly compared with the case where a load
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current of individual load is identified over several times. In addition, when a group of
loads are simultaneously driven, it is possible to drive the entire system in such a way
that it is not dangerous to the entire system in consideration of a starting current. In
addition, it is possible to separately determine whether there is an abnormality in
starting and in constant speed by setting the judgment criteria based on the current
increase/decrease at startup and the current increase/decrease at constant speed after
startup.

FIG. 9 illustrates a method of determining the abnormality of a plurality of motors in
a case in which the plurality of motors are sequentially driven individually.

First, a system may store the load current detection value at the step () where each of
the motors is not operated as O or the no load drive current detection value.

Thereafter, it is possible to drive a plurality of motors in a first group one by one in-
dividually alone at a specific time point, such as the initial set warm-up drive or the set
check-up stage before going to a preparation stage, and compare a drive current 0
under no load or the no load drive detection value (f) with a value detected at the time
point when individual load is driven alone. In addition, if there is no increase in the
load current detection value, it may be determined that the abnormality is present in the
corresponding motor or the motor control group or in the assembly.

Meanwhile, such an identification operation may be performed in the initialization
process of the image forming apparatus. Specifically, it is possible to monitor the load
current detection value during the initialization warm-up of the set and store the
monitored load current detection value in a memory based on the load current
detection value at the drive control time point of each drive load at the set initialization
operation in the normal state. Thereafter, the load current fluctuation in the initial
warm-up section of the set is compared based on time or based on a drive control time
point per motor. When the load current fluctuation turns out to be less than the current
detection value at the time of normal operation, or when there is no change in the
current detection at the time when the motor is driven (motor IC abnormality or motor
harness mis-assembling), it may be determined that the abnormality in operation of the
corresponding motor has occurred. In this case, the fact that the error occurred may be
displayed on the display.

In related art motor, etc., the motor control time point and the sensor signal change
are not simultaneously checked from a sensor level change due to an instrument drive
according to a motor drive and thus, it is not possible to detect the error even though
the motor is not normally operated. Even in the case of a portion in which the drive
portion error detection is not immediately performed due to such an instrument sensor
change, if the above detection method is applied, the drive error of the motor may be
detected.
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FIG. 11 is a diagram illustrating an operation of not determining that an over current
is an abnormality at the initial drive.

Referring to FIG. 11, in a plurality of drive portions or in a system that requires a
large load current when driven, there may be a portion where the load current detected
in a specific section is excluded from judgment and masked. Thereafter, it is de-
termined whether the corresponding load current is abnormal based on a standard as to
the upper and lower limit values of the load current detected in a section where the
steady current at constant speed is consumed.

In a case in which the load current becomes larger than normal, the frictional force of
the frictional surfaces between the mechanisms may be increased due to the livability,
or the deformation of the assembled structure may be a factor. The drive load may be
increased by mis-assembling by the operator in the initial assembly or during service
of the parts replacement. As described above, when a drive current larger than a
normal drive load current is sensed, a UI indicating that the inspection of the corre-
sponding portion is necessary may be displayed, or it may be displayed as a check-up
item at a later time.

When the load current becomes less than normal, it may be a case in which only a
motor is driven without an instrument load being engaged with the motor due to the
abnormality of a coupling portion gear between the drive portion and the instrument, or
a detection voltage is not generated since the motor is not driven due to the ab-
normality of the motor unit, the abnormality of the control portion and the
unassembled harness, and the drive current is not generated.

As described above, by storing and managing the load current change in memory and
comparing the frequency of problems, such as jamming occurring from the increase/
decrease of load on the set or the fixing device applied force error, with the load
current change, when it is determined that the cause is the motor or the increase/
decrease of instrument load, a message for replacement or inspection of assembly state
may be displayed as a Ul at a specific time point, or an inspection may be supported in
advance by determining that the corresponding portion is likely to generate a problem
during servicing.

FIG. 12 is a flowchart illustrating a method for image forming, according to an
example embodiment.

Referring to FIG. 12, first, a drive command is provided to a motor for starting an
engine portion used to perform an image forming job, at operation S1210.

Then, a current amplitude of power provided to the motor is detected at operation
S1220. For example, an amplitude of current may be detected using a sensor for
detecting an amplitude of current by using a magnetic field of a power line.

Then, it is determined whether the motor is abnormal based on the current amplitude
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detected after the drive command is provided and a drive command S1230. For
example, it may be determined whether the motor is abnormal by comparing the
current lower limit value information and current upper limit value information corre-
sponding to the drive command provided to the motor with the detected current
magnitude. When the abnormality of the motor is additionally determined, a type of
defect may be determined based on the pre-detected current magnitude and the drive
command provided to the motor.

When the defect type is determined, an operation relating to the determined defect
type may be displayed.

As described above, the image forming method according to the example em-
bodiment may determine whether the motor is abnormal even if a sensor capable of
detecting an abnormality in the drive portion is not used. Accordingly, a structure of an
image forming apparatus can be further simplified, and a circuit configuration can be
made easier and with lower cost.

In addition, the image forming method according to the example embodiment can
continuously monitor the change in the current of the motor and can predict the pos-
sibility of an abnormality of the apparatus due to the life of the component caused by
the increase in the load of the instrument drive gear friction portion or the increase in
the coupling load on the assembly. In addition, the image forming method according to
the example embodiment may accurately identify in which configuration an error has
occurred even if the motor failure occurs, making it easy to fix the failure. The method
for image forming as shown in FIG. 12 may be executed on the image forming
apparatus 100 having the configuration as shown in FIG. 1 or 2, and may be executed
even on an image forming apparatus or a motor control apparatus.

In addition, the above-described image forming method may be realized as at least
one execution program to execute the above-described image forming method, and
such an execution program may be stored in a non-transient readable recording
medium.

A non-transitory computer readable medium may refer to a machine-readable
medium or device that stores data semi-permanently and not for a short period of time,
such as a register, cache, memory, and the like. In detail, the above-described various
applications or programs may be stored in the non-transitory computer readable
medium, for example, a compact disc (CD), a digital versatile disc (DVD), a hard disc,
a Blu-ray disc, a universal serial bus (USB), a memory card, a read only memory
(ROM), and the like, and may be provided.

While the general inventive concept has been shown and described with reference to
certain embodiments thereof, it will be understood by those skilled in the art that

various changes in form and detail may be made therein without departing from the
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spirit and principles of the present general inventive concept, the scope of which is

defined by the appended claims and their equivalents.
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Claims
An image forming apparatus, comprising:
an engine portion to perform an image forming job;
a motor to drive the engine portion;
a drive circuit to provide power to the motor, and including a sensor to
detect a current amplitude of the power provided to the motor; and
a processor to provide a drive command to the motor and to determine
whether the motor is abnormal based on the drive command and a
current amplitude detected by the sensor after the drive command is
provided.
The image forming apparatus as claimed in claim 1, further comprising:
a memory to store current lower limit value information and current
upper limit value information for each of a plurality of drive
commands,
wherein the processor is further to determine whether the motor is
abnormal by comparing current lower limit value information and
current upper limit value information which correspond to the drive
command provided to the motor with the current amplitude detected by
the sensor after the drive command is provided.
The image forming apparatus as claimed in claim 1, wherein the
processor is further to, in response to determining that the motor is
abnormal, determine a type of defect based on the drive command
provided to the motor and the current amplitude detected by the sensor
after the drive command is provided.
The image forming apparatus as claimed in claim 3, further comprising:
a display to display information corresponding to the type of defect.
The image forming apparatus as claimed in claim 1, wherein the
processor is further to determine whether the motor is abnormal based
on the current amplitude detected by the sensor a predetermined
duration of time after the drive command is provided.
The image forming apparatus as claimed in claim 1, wherein
the image forming apparatus includes a plurality of motors,
the sensor is to detect a current amplitude commonly supplied to the
plurality of motors, and
the processor is further to determine whether the plurality of motors are
abnormal based on a drive command provided to each of the plurality

of motors and the current amplitude detected by the sensor after the
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drive command is provided.

The image forming apparatus as claimed in claim 6, wherein the
processor is further to sequentially provide the drive command to each
of the plurality of motors and to determine whether each of the plurality
of motors is abnormal based on the sequentially provided drive
command and the current amplitude detected by the sensor after the se-
quentially provided drive command is provided.

The image forming apparatus as claimed in claim 6, wherein the
processor is further to simultaneously provide a drive command to the
plurality of motors and to determine whether the plurality of motors are
abnormal based on whether the current amplitude detected by the
sensor after the drive command is provided exceeds a predetermined
range.

The image forming apparatus as claimed in claim 8, wherein in
response to determining the plurality of motors are abnormal, the
processor is further to sequentially provide a drive command to each of
the plurality of motors and identify which one or more motors among
the plurality of motors are abnormal.

The image forming apparatus as claimed in claim 6, wherein in
response to a print command being received, the processor is further to
warm up the engine portion and to determine whether the plurality of
motors are abnormal by providing the drive command to the plurality
of motors.

The image forming apparatus as claimed in claim 1, wherein the sensor
is disposed on a power line between an output of a power supply and a
power input terminal of the motor, and is to detect the current
amplitude based on an electric field on the power line.

A method, comprising:

providing a drive command to a motor that drives an engine portion of
an image forming apparatus;

detecting a current amplitude of power supplied to the motor; and
determining whether the motor is abnormal based on the drive
command and a current amplitude detected after the drive command is
provided.

The image forming method as claimed in claim 12, wherein the de-
termining comprises determining whether the motor is abnormal by
comparing current lower limit value information and current upper

limit value information which correspond to the drive command
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provided to the motor with the current amplitude detected after the
drive command is provided.

The image forming method as claimed in claim 12, further comprising:
in response to determining that the motor is abnormal, determining a
type of defect based on the drive command provided to the motor and
the current amplitude detected after the drive command is provided.
The image forming method as claimed in claim 12, wherein

the image forming apparatus includes a plurality of motors,

the detecting comprises detecting a current amplitude commonly
supplied to the plurality of motors by using a sensor, and

the determining comprises determining whether the plurality of motors
are abnormal based on a drive command provided to each of the
plurality of motors and the current amplitude detected by the sensor

after the drive command is provided.
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[Fig. 8]
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[Fig. 9]
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[Fig. 11]

(35v34030 QYO JAIQ) NOILO3S 01 40 LNIWIAOI 40 IVHIAY —
(Qv07 3AHA TYNHON) NOILO3S 0} 40 LNIWIAOI 40 3BVHIAY ——
(3SVIHONI QY01 3AI4Q) NOILDIS 0} 40 LNIWIAOW 40 IDYHIAY ——

3Sv3H330a Av0T3AHd
(33dS INVLSNOJ 1V NJAIHA SI avo1 3ISYIYINI Y01 INYA
TYINHON NIHM F9NYYH INFHHNI DNISNS avo1IAMa TYINHON

I

|
L_

(DNIMSYIN HO dINS) 1HYLS 40 JNIL LY INFHHNI Xv3d

9l
gl



WO 2019/059472

[Fig. 12]

9/9

DRIVE ENGINE PORTION ~51210
Y
DETECT CURRENT |
SUPPLIED TO MOTOR 51220
DETERMINE ABNORMALITY | _
OF MOTOR 51230

END

PCT/KR2018/002403



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2018/002403

A. CLASSIFICATION OF SUBJECT MATTER
G03G 15/00(2006.01)i, GO1R 31/34(2006.01)i, B6SH 7/20(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
G03G 15/00;, GO3G 21/00; HO2P 21/22; HO3F 1/52; HO2P 5/00; GO3G 15/20; GO1R 31/34; B65H 7/20

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: engine portion, motor, sensor, current amplitude, abnormal, image forming apparatus

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2013-0343772 A1 (YUUSUKE ISHIZAKI) 26 December 2013 1-4,6,10-15

See paragraphs [0048]-[0049], [0062], [0131]-[0159]; claim 1; and
figures 3-7C, 13A-13D.

Y 5,7-9

Y JP 2006-330506 A (CANON INC.) 07 December 2006 5,7-9
See paragraph [0113]; and claims 1, 7.

A JP 2009-192568 A (KYOCERA MITA CORP.) 27 August 2009 1-15
See paragraphs [0045]-[0054]; claim 1; and figure 4.

A JP 2001-147614 A (RICOH CO., LTD.) 29 May 2001 1-15
See paragraphs [0010]-[0012]; claims 1-3; and figures 1-2.

A US 2016-0342125 A1 (CANON KABUSHIKI KAISHA) 24 November 2016 1-15
See paragraphs [0034]-[0067]; claim 1; and figures 2-4.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
22 June 2018 (22.06.2018) 22 June 2018 (22.06.2018)
Name and mailing address of the [SA/KR Authorized officer

International Application Division
Korean Intellectual Property Office NHO, Ji Myong
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8528

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/KR2018/002403

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2013-0343772 Al 26/12/2013 JP 2011-215606 A 27/10/2011
JP 5779903 B2 16/09/2015
US 2011-0229163 Al 22/09/2011
US 8543017 B2 24/09/2013
US 8855512 B2 07/10/2014

JP 2006-330506 A 07/12/2006 None

JP 2009-192568 A 27/08/2009 None

JP 2001-147614 A 29/05/2001 None

US 2016-0342125 Al 24/11/2016 JP 2016-220407 A 22/12/2016
US 9952545 B2 24/04/2018

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report

