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CONTROL DEVICE FOR STEPPING MOTOR

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a control device
and control method for a stepping motor, and an image
forming apparatus used for transmitting the driving force in
a copying machine, a printer, a facsimile, or the like.

[0003] 2. Related Background Art

[0004] A stepping motor used in an image forming appa-
ratus or the like is a motor for driving by supplying a
predetermined excitation pattern to the motor driver so that
the rotation can be controlled for a stepping angle corre-
sponding to the supplied excitation pattern.

[0005] Conventionally, the above-mentioned excitation
pattern of the stepping motor is generated from a control
CPU or using a dedicated circuit. Moreover, since an inex-
pensive stepping motor comprises an A phase, an A* phase,
a B phase and a B* phase, the number of supply pattern lines
to the motor driver is commonly four. Therefore, in a circuit
for generating the excitation pattern, in general a pattern
generation block is constituted by the four lines for each
unit.

[0006] Moreover, when a smooth operation is further
required depending on an object to be driven, the stepping
motor can be driven using a motor driver capable of achiev-
ing a complicated excitation control. Among the motor
drivers capable of achieving the complicated operation,
there are those which cannot transmit the complicated
control information with the four excitation pattern lines, so
that the stepping motor is driven using a large number of
controlling lines of 6 lines, 8 lines, or the like.

[0007] When the excitation pattern is generated by the
control CPU as mentioned above, generation of the excita-
tion pattern of the stepping motor itself may be a large load,
depending on the size of the control job for the device to be
the object. Then, in order to alleviate the load on the
software, it is necessary to generate the excitation pattern
using a dedicated pattern generating circuit.

[0008] However, also as to the dedicated pattern generat-
ing circuit, a problem of the circuit size thereof exists. That
is, the interface of the motor driver to be the object and the
driving method therefor varies widely, so that even if the
exciting method is the same two-phase excitation, the exci-
tation pattern to be supplied may be different depending on
the kind of the stepping motor driver to be the object.
Moreover, as mentioned above, there are many motor driv-
ers which cannot be driven correctly without use of 6 lines
or 8 lines instead of 4 lines. Therefore, in order to correspond
to various kinds of motor drivers, it is necessary to provide
the driving circuits with interfaces for the various kinds of
motor drivers, respectively. However, a problem is involved
in that it may lead to enlargement of the circuit size and the
cost increase.

SUMMARY OF THE INVENTION

[0009] In view of the above-mentioned problems, the
present invention has been achieved, and an object thereof
is to provide a control device and control method for a
stepping motor capable of dealing with various kinds of
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excitation patterns in a simple configuration without
enlargement of the circuit size, and an image formatting
apparatus.

[0010] That is, the present invention provides a control
device for a stepping motor, comprising: storage means for
storing an excitation pattern of the stepping motor; first
pattern control means for reading an excitation pattern for n
bits from a predetermined address of the storage means and
supplying the excitation pattern to an external motor driver;
second pattern control means for reading an excitation
pattern for the same n bits as in the first pattern control
means from a predetermined address of the storage means
and supplying the excitation pattern to an external motor
driver; and output control means capable of selecting a first
output mode for using the first pattern control means and the
second pattern control means independently, or a second
output mode for using the first pattern control means and the
second pattern control means in an interlocked manner.

[0011] Moreover, the present invention provides a control
method for a stepping motor, comprising: a memory step of
storing an excitation pattern of the stepping motor in storage
means; a first pattern control step of reading an excitation
pattern for n bits from a predetermined address of the storage
means and supplying the excitation pattern to an external
motor driver; a second pattern control step of reading an
excitation pattern for the same n bits as in the first pattern
control step from a predetermined address of the storage
means and supplying the excitation pattern to an external
motor driver; and an output control step of selecting a first
output mode for controlling the first pattern control step and
the second pattern control step independently, or a second
output mode for controlling the first pattern control step and
the second pattern control step in an interlocked manner.

[0012] The objects and effects mentioned above and other
objects and effects of the present invention are apparent from
the explanation given below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a cross-sectional view showing the con-
figuration of an image forming apparatus according to the
present invention.

[0014] FIG. 2 is a block diagram showing the configura-
tion of an embodiment of the present invention.

[0015] FIG. 3 is a block diagram showing the configura-
tion of a motor control circuit of this embodiment.

[0016] FIG. 4 is an explanatory diagram showing a setting
example of a pattern register.

[0017] FIG. 5 is a timing chart showing a pattern output
example.

[0018] FIG. 6 is a block diagram showing the configura-
tion of a changeover timing generating unit.

[0019] FIG. 7 is a timing chart showing another pattern
output example.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] FIG. 1 is a cross-sectional view showing the con-
figuration of an image forming apparatus according to the
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present invention. It shows the main body configuration of
a digital composite machine with the electrophotography
method adopted.

[0021] In the configuration of FIG. 1, an exposing lamp
101 comprising a fluorescent lamp, a halogen lamp or the
like, illuminates an original on an original placing glass
(platen glass) 100 while moving in the direction perpen-
dicular to the longitudinal direction thereof. A scattered light
from the original according to the illumination by the
exposing lamp 101 is reflected by first, second and third
mirrors 102, 104, 105 so as to reach a lens 107.

[0022] At the time, with respect to movement of a first
movable member 103 comprising the exposing lamp 101
and the first mirror 102, a second movable member 106
comprising the second mirror 104 and the third mirror 105
is moved by a Y2 speed so that the distance from the
illuminated original surface to the lens 107 is always main-
tained constantly.

[0023] Then, an image on the original is focused on a light
receiving unit of a CCD line sensor 108 with several
thousands light receiving elements arranged in a line-like
form via the mirrors 102, 104, 105 and the lens 107, and
subjected to photoelectric transfer sequentially per line unit.
A signal obtained by the photoelectric transfer is processed
by a signal processing unit (not shown) so as to output a
PWM modulated image signal.

[0024] An exposing control unit 110 drives a semiconduc-
tor laser 145 based on the above-mentioned PWM modu-
lated image signal from the signal processing unit so as to
irradiate a laser beam to the surface of a photosensitive
member 140. At the time, a light beam is deflection-scanned,
by a polygon mirror, in the direction parallel to the axis of
the drum-like photosensitive member 140. Moreover, the
exposing control unit 5110 is cooled down by a cooling fan
109.

[0025] The above-mentioned photosensitive member 140
has the residual charge on the drum eliminated by a pre-
exposing lamp (not shown) before irradiating the light beam,
and has the surface charged uniformed by a primary charger
128. Therefore, by receiving a light beam while rotation, the
photosensitive member 140 has an electrostatic latent image
formed on the drum surface. Then the electrostatic latent
image on the surface of the photosensitive member 140 is
visualized by a developer 111 with a developing agent
(toner) of a predetermined color.

[0026] In contrast, in paper-to-be-transferred piling units
123, 124, papers to be transferred of a standard size are piled
up and stored. Lift-ups 125, 126 are for the operation of
lifting up the papers to be transferred stored in the paper-
to-be-transferred piling units 123, 124 to the position of a
feeding roller pair 129, 132. The feeding roller pair 129, 132
is driven by the same motor (not shown). According to
changeover of the rotation direction thereof, the papers to be
transferred are fed selectively from one of the paper-to-be-
transferred piling units 123, 124. Moreover, the pair rollers
of the paper roller pair 129, 132 have a torque applied in the
inverted rotation direction with respect to paper feeding for
preventing overlap feeding of the recording media.

[0027] Feeding rollers 130, 133, 134, 135 feed the papers
to be transferred from the paper-to-be-transferred piling
units 123, 124 to a regist roller 138. In this embodiment,
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third and fourth paper-to-be-transferred piling units can
further be interlocked to the downward for enlargement. A
feeding roller 131 guides the papers to be transferred from
the paper-to-be-transferred piling unit interlocked down-
ward, to the feeding rollers 130, 133, 134, 135. Moreover,
when a manual paper feeding mode is selected on the
operation part, a manual feeding tray 137 is opened for
manually feeding a paper to be transferred so that a paper
feeding roller 136 feeds the manually fed paper to be
transferred to the regist roller 138.

[0028] The regist roller 138 feeds the paper to be trans-
ferred to a transfer position with taking synchronization
between the timing of the tip end of the image formed on the
photosensitive member 140 and the timing of the tip end of
the paper to be transferred. Then, a transfer charger 139
transfers the toner image developed on the photosensitive
member 140 to the paper to be transferred. After the transfer,
the photosensitive member 140 has the residual toner elimi-
nated by a cleaner 127.

[0029] Since the curvature of the photosensitive member
140 is large, the above-mentioned transferred paper to be
transferred can easily be separated from the photosensitive
member 140. By further applying a voltage to a charge
eliminating needle 144, the suction force between the pho-
tosensitive member 140 and the paper to be transferred can
be weakened so as to facilitate the separation.

[0030] The separated paper to be transferred is sent to
fixing units 112, 113 by a conveying belt 141 for fixing a
toner. The fixing unit 112 comprises a ceramic heater, a film
and two rollers. The heat of the ceramic heater is transmitted
efficiently via the thin film. A cooling roller 114 discharges
the heat of the fixing unit 113. A feeding roller 115 comprises
a large roller and two small rollers for feeding the paper to
be transferred from the fixing units 112, 113 as well as
correcting curling of the paper to be transferred.

[0031] A direction flapper 122 switches the conveying
direction of the paper to be transferred according to the
operation mode. In a mode for transfer on one side of the
paper to be transferred (at the time of one side recording), a
path from the feeding roller 115 to a discharge opening is
selected. A discharge roller pair 116 discharges the paper to
be transferred after the image formation so as to be piled
onto a discharge paper tray 142.

[0032] In FIG. 1, reference numerals 117, 118, 119 and
121 represent conveying rollers for a paper to be transferred,
120, 150, 151, 152, 153, 154 and 155 represent sensors for
detecting a paper to be transferred, 143 represents a con-
veying path, and 162 represents a control unit.

[0033] Here, as a motor (paper feeding motor) for driving
the above-mentioned feeding roller pair 129, 132 and a
motor (paper discharging motor) for driving discharge roller
pair 116, stepping motors are used. The motors are driven by
using a motor control circuit of an embodiment described
later.

[0034] FIG. 2 is a block diagram showing the configura-
tion of an embodiment of the present invention. It shows the
connecting configuration of the above-mentioned stepping
motor driving circuit. In FIG. 2, a control CPU 1 controls the
image forming apparatus, and a motor control circuit 2
controls the drive of motors (stepping motors) 21, 22 via
motor drivers (first, second) 11, 12.
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[0035] Here, the motor 21 is a paper feeding motor used
in the above-mentioned image forming apparatus, and the
motor 22 is the paper discharging motor. Since the paper
discharging motor requires further minute control, the exci-
tation pattern is complicated so that it is connected with the
motor driver 12 requiring a large number of signals.

[0036] Moreover, the motor control circuit 2 is operated
according to data setting from the control CPU 1 for
supplying an excitation pattern to the motor drivers 11, 12.

[0037] FIG. 3 is a block diagram showing the internal
configuration of the above-mentioned motor control circuit
2. This control circuit 2 comprises a changeover timing
generating unit 31, a register 32, a pattern register 33 and
pattern output control units 34 to 37.

[0038] A changeover timing generating unit 31 generates
trigger signals (pattern transition timing signals) showing
the transition timing (T_x) (x=A, B, C, D) of the excitation
pattern which is read out from the pattern register 33 for the
pattern output control units 34 to 37. According to the
generation of the trigger signals, the excitation pattern is
switched.

[0039] The register 32 sets and outputs the next register
value for controlling the pattern output control units 34 to
37.

[0040] Enable_x: permission signal for the pattern output

[0041] “0”=inhibit the pattern output, output a pattern
register value represented by Initial Pos_x

[0042] “1”=output a register value read out from the
pattern register 33

[0043] Cw/cew_x: rotation direction signal

[0044] “0”=clockwise (CW); increment Current Add_x by
one at the rising edge of T_x, read the next data

[0045] “1”=counterclockwise (CCW); decrement Current
Add_x by one at the rising edge of T_x, read the next data

[0046] Return_x: initial position return signal
[0047]

[0048] “1”=return to the initial position, output a pattern
register value represented by Retrun_x

“0”=ordinary rotation operation

[0049] StartPos_x: address showing the start position of
the pattern

[0050] EndPos_x: address showing the end position of the
pattern

[0051] ReturnPos_x: address showing the initial position
of the pattern

[0052] InitialPox_x: address showing the output data in
the non-rotation state

[0053] The pattern register 33 is a register (storage means)
for storing the output excitation pattern to the motors 21, 22,
which register stores the excitation pattern from the control
CPU 1 in advance before the rotation operation. Then, it
outputs the DataOut_x to the pattern output control unit 34
to 37 corresponding to the demand address (CurrentAdd_x)
from the pattern output control units 34 to 37.

[0054] The above-mentioned pattern output control units
34 to 37 provides pattern control means for generating an
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excitation pattern to be supplied to the external motor
drivers 11, 12. When a rotation command (Enable_x=1") is
set, it causes the internal counter to count up or count down
by every rising edge of the trigger signal showing the
transition timing (T_x) and outputs the address showing the
next excitation pattern as the CurrentAdd _x. Then, it
receives new excitation pattern data from the pattern register
33 s0 as to supply the same to the external motor drivers 11,
12 as mentioned above.

[0055] Here, in this embodiment, for example, first pattern
control means for reading an excitation pattern forn (n is a
positive integer) bits from a predetermined address of the
pattern register 33 and supplying the excitation pattern to the
external motor drivers 11, 12 is defined to be the pattern
output control unit 34. Second pattern control means for
reading an excitation pattern for the same n bits as in the first
pattern control means from a predetermined address of the
above-mentioned pattern register 33 and supplying the same
to the external motor drivers 11, 12 is defined to be the
pattern output control unit 35.

[0056] Moreover, the register 32 is output control means
capable of selecting a first output mode (output n (e.g. 4)
bit*1 (*1 indicates one channel or the like) orn (e.g. 4) bit*2
(*2 indicates another channel)) for using the first pattern
control means and the second pattern control means inde-
pendently, or a second output mode (output n*2 (e.g. 8)
bit*1 (*1 indicates one collective channel)) for using the first
pattern control means and the second pattern control means
in an interlocked manner.

[0057] When the first output mode is selected by the
above-mentioned output control means (register 32), each
pattern transition timing signal is inputted to the pattern
control means (pattern output control units 34, 35). When
the second output mode is selected, the same pattern tran-
sition timing signal is inputted to the pattern control means.

[0058] Moreover, when the second output mode is
selected by the above-mentioned output control means, the
same pattern transition timing signal to be inputted to the
first pattern control means and the second pattern control
means is a signal capable of selecting whether the first
pattern transition timing signal is used or the second pattern
transition timing signal is used.

[0059] FIG. 4 shows a setting example of the pattern
register 33 when the excitation pattern is to be outputted
using the pattern output control units (A, B) 34, 35. As
shown in the figure, data are preset from the address 0 to 17.
Furthermore, the addresses to be set in the pattern output
control units 34, 35 are allotted. Here, the starting value of
the pattern output control unit (A) 34 is set to be the address
2.

[0060] FIG. 5 shows an output example of the pattern in
the case where the rotation of the motors 21, 22 is controlled
using the setting of FIG. 4. As shown in FIG. 5, an excitation
pattern is outputted according to the rising edge of T_A,
T_B. Moreover, the T_A, T_B are not synchronous so that
the outputted excitation patterns do not have a synchronous
relationship. Therefore, by using this control circuit 2 as in
the example of FIG. 5, the two motors 21, 22 can be
controlled independently at the outside.

[0061] FIG. 6 is a block diagram showing the internal
configuration of the changeover timing generating unit 31.
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This circuit 31 comprises a setting register 41, a timing
register 42, and selectors 43, 44.

[0062] The setting register 41 is a block for controlling the
operation of the internal circuit according to the register
setting from the control CPU 1.

[0063] The timing register 42 is a block for generating a
timing signal of T_x according to the register setting from
the control CPU 1. In this block, every time “1” is written
in a predetermined register, an “H” pulse is generated for the
time of one clock of an operation basic clock (not shown).

[0064] The selectors 43, 44 are selectors for changing over
the input signal according to the setting by the setting
register 41. They change over whether the above-mentioned
two pattern control blocks are controlled independently, or
controlled in such a manner as to be interlocked with each
other. Specifically, when the pattern output control unit (A)
34 and the pattern output control unit (B) 35 are controlled
independently like the control by the motor driver 11 shown
in FIG. 2, input B is selected by the selector 43 so that
independent timing signals are outputted for T_A, T_B.

[0065] In contrast, when they are controlled in an inter-
locked manner like the control by the motor driver 12, input
A is selected by the selector 43 so that the T_A timing signal
is outputted for both of T_A and T_B. Thereby, the two
pattern control unit look are operated in an interlocked
manner so that a complicated excitation pattern such as that
of the motor driver 12 can be dealt with.

[0066] FIG. 7 is a chart showing an output example in the
case where the pattern output control unit (A) 34 and the
pattern output control unit (B) 35 are operated, in such a
manner as to be interlocked by T_A according to the setting
by the pattern register 33 shown in FIG. 4. As shown in the
figure, the output pattern is changed in an interlocked
manner, regardless of the T_B timing.

[0067] According to this embodiment, various excitation
patterns of the stepping motors can be dealt with in an
inexpensive configuration without enlargement of the circuit
size. That is, various excitation patterns can be dealt with in
a stepping motor control circuit with the load on the control
CPU 1 reduced, a plurality of drives can be enabled with a
single register pattern memory, and a complicated motor
excitation pattern circuit having more than 4 necessary
control signal lines can be dealt with without enlargement of
the internal circuit size.

[0068] Although the present invention has been explained
with reference to the preferable embodiments, the present
invention is not limited to the embodiment configurations,
and various modifications can be executed within the range
of the accompanied claims.

1-9. (canceled)
10. A control device for a motor, comprising:

a memory for storing an excitation pattern of the motor;

a first pattern control circuit for reading an excitation
pattern from said memory and supplying the excitation
pattern to a motor driver for driving the motor;

a second pattern control circuit for reading an excitation
pattern from said memory and supplying the excitation
pattern to the motor driver or another motor driver; and
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an output control circuit capable of selecting a first output
mode for using said first pattern control circuit and said
second pattern control circuit independently and for
supplying the excitation pattern to first and second
motor drivers from said first and second pattern control
circuits respectively, or a second output mode for using
said first pattern control circuit and said second pattern
control circuit synchronously and for supplying the
excitation pattern to a single motor driver from said
first and second pattern control circuit.

11. A control device according to claim 10, comprising a
timing generating unit for generating first and second pattern
transition timing signals showing the changing timing for
the excitation patterns to be read out by said first and second
pattern control circuits,

wherein the first and second pattern transition timing
signals of said timing generating unit are inputted to
said first and second pattern control circuits when said
first output mode is selected by said output control
circuit, and the same pattern transition timing signal is
inputted to said first and second pattern control circuits
when said second output mode is selected by said
output control circuit.

12. A control device for a motor, comprising:
a memory for storing an excitation pattern of the motor;

a first pattern control circuit for reading an excitation
pattern from said memory and supplying the excitation
pattern to a first motor driver or a second motor driver
for driving the motor;

a second pattern control circuit for reading an excitation
pattern from said memory and supplying the excitation
pattern to the first motor driver or the second motor
driver; and

a timing generating circuit for generating timing signals
showing the changing timing for the excitation patterns
to be outputted from said first and second pattern
control circuits,

wherein said timing generating circuit (1) supplies first
and second timing signals to said first and second
pattern control circuits respectively, in a first output
mode for supplying the excitation pattern to first and
second motor drivers from said first and second pattern
control circuits respectively, and (2) supplies the first
pattern signal to the first and second pattern control
circuits, in a second output mode for supplying the
excitation pattern to the first motor driver from said first
and second pattern control circuits respectively.

13. An image forming apparatus equipped with the con-

trol device for a motor, according to claim 12.

14. A control method for a motor, comprising:

a storing step of storing an excitation pattern of the motor
in a memory;

a first pattern control step of reading an excitation pattern
from the memory and supplying the excitation pattern
to a motor driver for driving the motor;

a second pattern control step of reading an excitation
pattern from the memory and supplying the excitation
pattern to the motor driver or another motor driver; and
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an output control step of selecting a first output mode for
controlling said first pattern control step and said
second pattern control step independently and for sup-
plying the excitation pattern to first and second motor
drivers from said first and second pattern control steps
respectively, or a second output mode for using said
first pattern control step and said second pattern control
step synchronously and for supplying the excitation
pattern to a single motor driver from said first and
second pattern control steps.

15. A control device according to claim 14, comprising a
timing generating step of generating first and second pattern
transition timing signals showing the changing timing for
the excitation patterns to be read out in said first and second
pattern control steps,

wherein the generated first and second pattern transition
timing signals are inputted in said first and second
pattern control steps when the first output mode is
selected in said output control step, and the same
pattern transition timing signal is inputted in said first
and second pattern control steps when the second
output mode is selected in said output control step.

16. A control device for a motor, comprising:

a storing step of storing an excitation pattern of the motor
in a memory;
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a first pattern control step of reading an excitation pattern

from the memory and supplying the excitation pattern
to a first motor driver or a second motor driver for
driving the motor;

second pattern control step of reading an excitation
pattern from the memory and supplying the excitation
pattern to the first motor driver or the second motor
driver; and

timing generating step of generating timing signals
showing the changing timing for the excitation patterns
to be outputted in said first and second pattern control
steps,

wherein said timing generating step (1) supplies first and

second timing signals to said first and second pattern
control steps respectively, in a first output mode for
supplying the excitation pattern to first and second
motor drivers from said first and second pattern control
steps respectively, and (2) supplies the first pattern
signal to the first and second pattern control steps, in a
second output mode for supplying the excitation pattern
to the first motor driver from said first and second
pattern control steps respectively.



