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1
DESCRIPTION

ANGLE DETECTION DEVICE, ANGLE DETECTION METHOD, MOTOR
DRIVING DEVICE, AND IMAGE FORMING APPARATUS

TECHNICAL FIELD
The present invention relates to an angle detection
device, an angle detection method, a motor driving device,

and an image forming apparatus.

BACKGROUND ART

The need for detecting a rotation angle of a rotor of
a motor arises when, for example, controlling a rotational
position of the motor. A rotation angle of a rotor of a
motor can generally be detected using a rotary encoder
connected to a rotary shaft of the motor's rotor. With
this method, two-phase pulse signals having a quarter-
period phase difference and varying with the rotation angle
of the motor's rotor can be obtained from the rotary
encoder. A relative rotation angle of the motor's rotof is
detectable based on a result of edge detection of the two-
phase pulse signals and High/Low states of the two-phase
pulse signals.

An optical encoder is génerally used as the rotary
encoder. The optical encoder typically includes a disk and
two photo interrupters. Slits serving as optical windows
are provided in an outer peripheral portion of the disk at
a regular slit pitch. The two photo interrupters are
arranged at a pitch corresponding to a quarter of the slit
pitch of the disk. The two-phase pulse signals can be
obtained by binarizing output signals of the two photo
interrupters.

However, use of the above-described optical encoder
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requires components of the slit-provided disk and the photo

interrupters and, furthermore, requires that the components
be mounted, which can result in an increase in cost.
.According to the invention disclosed in Japanese
Patent No. 4111813, two magnetic sensors, each outputting a
signal which varies sinusoidally with a rotation angle of a
rotor of a motor, ére arranged so as to have a 90-degree

phase difference. Here, the rotation angle of the motor's

rotor is denoted by 6, and an X-phase signal and a Y-phase
signal of two-phase signals output from the magnetic
sensors are denoted by Vx and Vy, respectively. Then, Vx

can be expressed by a cosine function of the rotation angle
0 having amplitude Ax and Vy can be expressed by a sine

function of the rotation angle 6 having amplitude Ay. The
cosine function and the sine function are shown in FIG. 20
and by the following Equations (1) which express the two-
phase sine signals having the 90-degree phase difference,
for example. It is assumed that an error which can be
caused by a difference between the amplitudes Ax and Ay of
the output signals of the magnetic sensors is adjusted in
advance, so that Ax=Ay is achieved. '

Vx = Ax * cos (0)

Vy = Ay'*sin(e)}

o

When detecting Vx, Vy that are values of output
signals of the magnetic sénsors, an angle between a vector
that detected Vx and Vy form on an XY plane and an X axis
corresponds to the rotation angle 0 of the motor's rotor as
illustrated in FIG. 21. Therefore, the vector is
repeatedly rotated by rotation transformation in accordance
with the following Equations (2), which represent an angle
search algorithm, a predeterminedistep angle Ostep in the

negative rotating direction as illustrated in FIG. 21 until
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a Y component Vy'(n) of the thﬁs—rotated vector changes
from a.positive value to a negative value. A total
rotation angle On of the vector obtained in this manner is
the detected rotation angle of the motor's rotor. The
rotation angle of the motor's rotor can be detected by
periodically performing the operation described above.
vx'(n) cosOn sinOn]|[vx'(n - 1)] )
[Vy(nJ - L—sin(ﬁ7 coan}[VyTn——lJ
vx'(0) = vx, vy(0) = vy f (2)
On = n * Ostep(n = 1,2,3,...)

7

According to a method described in Japanese Patent No.
4111813, for example, a brushless motor is configured to
include multiple Hall elements arranged with a
predetermined phase difference for detection of commutation
timing. Hall elements for commutation in a most-typical

three-phase brushless motor are arranged so as to output

signals with a mutual phase difference of 120°. However,
to detect a rotation angle of a rotor of a motor with the
method described above, it is necessary to add a Hall
element which output a signal having a 90-degree phase
difference. Accordingly, a general-purpose motor unit made
by assembling coils, a rotor, and Hall elements with the
120-degree phase difference together in one piece cannot be
used. This also leads to an increase in cost.

'For the above-described problem, in Japanese Laid-open
Patent Application No. 2013-108971, a vector generating
unit synthesizes sinuscidal signals having a 90-degree
phase difference by perfdrming operation given by Equations
(3) on sinusbidal signals output from three Hall elements

provided in a brushless motor with a phase difference of

other than 90°. By performing the operation, a rotation

angle of a rotor is detected without addition of a sensor.
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(H4U —HAV)/J? = Au*cos(0

)(WhenAu = Av) (3)
HAU + HAV = Au *sin(6)

The method disclosed in Japanese Laid-open Patent
Application No. 2013-108971 reduces an increase in cost.
However, to control motion of the motor more minutely, it
is desired to detect a rotation angle of the rotor or the
like more accurately.

In view of the above, there is a need to provide an
angle detection device capable of detecting a rotation

angle of a rotor of a motor accurately.

SUMMARY OF THE INVENTION
An angle detection device includes: an angle detection
unit that detects a rotation angle of a rotor based on
output signals of multiple magnetic sensors arranged so as
to detect the rotation angle of the rotor of a motor and
have a phase difference from each other, and an amplitude-
fluctuation removing unit that removes an amplitude
fluctuation component contained in the output signals of
the magnetic sensors and having a period corresponding to

one turn of the rotor.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic configuration diagram of a motor
unit including Hall elements.

FIG. 2 is a diagram illustrating differential signals
output from the Hall elements.

FIG. 3 is a configuration diagram of an angle
detection device according to a first embodiment of the
present invention.

FIGS. 4A and 4B illustrate a waveform of a Hall-

element output signal onto which a third harmonic is
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superimposed.

FIGS. 5A and 5B illustrate a waveform of Hall-element
output signal onto which an amplitude fluctuation component
having a period corresponding to one turn of a rotor is
superimposed.

FIG. 6 is a diagram illustrating transformation from
UVW axes to XY axes. |

FIGS. 7A and 7B are diagrams illustrating logic for
generating two-phase pulse signals.

FIG. 8 is a configuration diagram of a calculation
circuit executihg operation of the angle detection device
illustrated in FIG. 3.

FIG. 9 is an explanatory diagram illustrating
relationship between a clock signal and a count value.

FIG. 10 is a table illustrating control timing for the
calculation circuit illustrated in FIG. 8.

FIG. 11 is a configuration diagram of the angle
generator illustrated in FIG. 3.

FIG. 12 is a configuration diagram of the sine—datai
generation unit illustrated in FIG. 11.

FIG. 13 is an overall configuration diagram of a motor
driving device according to a second embodiment of the
present invention.

FIG. 14 is a diagram illustrating conditions for
generating a Hall signal.

FIG. 15 is a configuration diagram of an upper arm of
the driving commutation circuit illustrated in FIG. 13.

FIG. 16 is a diagram illustrating operations of the
modulation unit illustrated in FIG. 13.

FIG. 17 is a diagram illustrating the Hall signéls'and
phase logic of rectangular pulse driving.

FIG. 18 is a diagram illustrating relationship between

phase logic and gate signals.



10

15

20

25

30

WO 2015/080299 PCT/JP2014/082186

6
FIG. 19 is a cross-sectional view illustrating an

example of an image forming apparatus according to a third
embodiment of the present invention.
FIG. 20 is a diagram illustrating waveforms of two-
phase sinewave signals having a 90-degree phase difference.
FIG. 21 is a diagram illustrating an example operation
of an angle search algorithm according to a conventional

technique.

DESCRIPTION OF EMBODIMENTS

First Embodiment

A first embodiment of the present invention is
described below with reference to FIGS. 1 to 12. FIG. 1 is
a schematic configuration diagram of a motor unit including
Hall elements. FIG. 2 is a diagram illustrating
differential signals output from the Hall elements. FIG. 3
is a configuration diagram of an angle detection device
according to the first embodiment of the present invention.
FIGS. 4A ahd 4B illustrate a waveform of a Hall-element
output signal onto which a third harmonic is superimposed.
FIGS. 5A and 5B illustrates a waveform of a Hall-element
output signal onto which an amplitude fluctuation component
having a period corresponding to one turn of a rotor is
superimposed. FIG. 6 1s a diagram illustrating
transformation from UVW axes to XY axes. FIGS. 7A and 7B
are diagrams illustrating logic for generating two-phase
pulsé signals. FIG. 8 is a configquration diagram of a
calculation circuit executing operation of the angle
detection device illustrated in FIG. 3. FIG. 9 is an
explanatory diagram illustrating relationship between a
clock signal and a count value. FIG. 10 is a table
illustrating control timing for the calculation circuit

illustrated in FIG. 8. FIG. 11 is a configuration diagram
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7
of the angle generator illustrated in FIG. 3. FIG. 12 is a

configuration diagram of the sine-data generation unit
illusﬁrated in FIG. 11.

As illustrated in FIG. 1, a brushless motor 10
includes Y-connected three-phase coils 13U, 13V, 13W (not
shown in FIG. 1; see FIG. 13), which are composed of three
phase of a U-phase, a V-phase, and a W-phase, having a
mutual phase difference of 120°. The brushless motor 10
further includes a rotor 11 positioned to face the coils
130, 13V, and 13W and including a permanent magnet
containing alternately arranged south and north poles. An
electric current (drive current), which is appropriately
commutated according to a rotation angle, is supplied to
each of the coils 13U, 13V, and 13W from coil terminals 12U,
12v, and 12W, respectively, thereby rotationally driving
the brushless motor 10 (which will be described in detail
later). BAs illustrated in FIG. l, the permanent magnet of
the rotor 11 according to the present embodiment contains
12 poles (the number of pole pairs is 6).

As illustrated in FIG. 1, three Hall elements 15U, 15V,
and 15W serving as multiple magnetic sensors are fixedly
arranged near the rotor 11 to detect a rotational angular
pbsition of the rotor 11. The Hall elements 15U, 15V, and
15w output differential signals HU+/HU- of the U-phase,
HV+/HV- of the V-phase, and HW+/HW- of the W-phase,
respectively, which vary with a change in the magnetic
field of the rotor 11 by utilizing the Hall effect in
germanium or InSb. Analog Hall signals Hu, Hv, and Hw are
obtained by single-ending the differehtial signals HU+/HU-,
HV+/HV-, and HW+/HW-. "Single-ending" denotes converting a
differential signal into a single-ended signal. As
illustrated in FIG. 2, the analog Hall signals Hu, Hv, and

Hw sinusoidally vary as the rotor 11 rotates. The Hall
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8
elements 15U, 15V, and 15W are arranged so that waveforms

of the analog Hall signals Hu, Hv, and Hw have a mutual

phase difference of 120°. FIG. 2 illustrates the three
phase signals on the assumption that they are equal in
amplitude.

At this time, the number of the magnetic poles of the
rotor 11 according to the present embodiment is 12.
Accordingly, each of the sinewaves illustrated in FIG. 2
repeats six cycles in one turn of the rotor 11. Conversely,
a one-sixth turn of the rotor 11 corresponds to one cycle
of each of the sinewaves illustrated in FIG. 2. For the
sake of convenience of description, a rotation angle (6) of
the rotor 11 of the brushless motor 10 is given in degrees
where 360 is one cycle of the sinewave of each of the
analog Hall signals Hu, Hv, and Hw. Accordingly, an actual
rotation angle (mechanical angle) of the rotor 11 of the
brushless motor 10 is one sixth of the value (0: electrical
angle) given in degrees where 360 is one cycle of the
sinewaves of the analog Hall signals Hu, Hv, and Hw in this
manner. For example, when the value (0) of the rotation
angle given in degrees where 360 is one cycle of the
sinewaves of the analog Hall signals Hu, Hv, and Hw in this

manner 1is 360°, the actual rotation angle of the rotor 11

of the brushless motor 10 is a one-sixth of 360°, or 60°,.
To drive each of the Hall elements 150, 15V, and 15W,
it is necessary to apply a voltage perpendicularly to a
direction, in which the differential signal is output, and
to a direction of to-be-detected magnetic flux.
Illustration thereof is omitted from FIG. 2. The Hall
elements 15U, 15V, and 15W corréspond to thebmultiple
Sensors that output the sinuscidal signals which vary with

the rotation angle of the rotor and differ from each other
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in phase due to positions of the Hall elements 15U, 15V,

and 15W.

A configuration of an angle detection device 20
according to the present embodiment is described below with
reference to FIG. 3. The angle detection device 20 broadly
includes a differential amplifier 22, an analog-to-digital
(A/D) converter 23, a harmonic removing unit 24, an
amplitude-fluctuation removing unit 25, a vector generation
unit 30, a vector rotation unit 40, an angle generator 50,
and a two-phase-pulse generation unit 65.

Upon receiving differential signals from the Hall
elements 15U? 15V, and 15W of the brushless motor 10, the
differential amplifier 22 converts the U-phase differential
signal HU+/HU- and the V-phase differential signal HV+/HV-
into the single-ended, analog Hall signals Hu and Hv,
respectively, and outputs the analog Hall signals. At this
time, waveforms of the analog Hall signals Hu and Hv are
expressed by Equations (4) which represent waveforms of
differential outputs of the three-phase Hall elements.

More specifically, the waveforms are expressed by two

sinusoidal functions, which differ in phase, of the
rotation angle 6 of the rotor 11 (hereinafter, simply

referred to as "rotation angle 6") given in degrees where
360 is one cycle of the sinewaves of the analog Hall
signals Hu and Hv as described above. Amplitudes of Hu and
Hv are denoted as Au and Av, respectively. 1In the present
embodiment, although description is given by way of example
where the two phases are the U phase and the V phase, the
two phases may alternatively be the W phase and the U phase
or the W phase and the V phase.
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, n
HAU=Au * 311'1(9 + —)
3

_ L
HAV=Au * 51n(6 - —j
3

The analog Hall signals Hu and Hv single-ended by the
differential amplifier 22 are then converted by the A/D
converter 23 into digital Hall signals Ru and Rv. The
harmonic removing unit 24 removes the third harmonic from
the digital Hall signals Ru and Rv.

The third harmonic is a sinewave having a period three
times that of the fundamental as illustrated in FIG. 4A. A
Hall signal, in which the third harmonic is superimposed on
the fundamental, exhibits such a waveform as that
illustrated in FIG. 4B. ‘Because the period of the third
harmonic is three times that of the fundamental, when the
rotation angle 6 is 30°, the waveform is distorted in the

positive direction by the amplitude of the third harmonic,
while when the rotation angle 0 is 90°, the waveform is
distorted in the negative direction by the amplitude.
Accordingly, the amplitude of the third harmonic can be

estimated from the value of the Hall signal at 30° and that

at 90°.

Regarding the estimation of the amplitude, for example,
the amplitude of the third harmonic can be calculated by
solving simultaneops equations based on that the amplitude

of the third harmonic is added to the Hall signal at 30°

and is subtracted from the Hall signal at 90°. Further,
the phase difference between the Hall signal and the
rotation angle is necessary to remove the third harmonic.
This phase difference can be obtained as follows, for
example. For example, by studying the magnitude of the
Hall signal and studying the location of the peak of the

Hall signal based on a difference between the current
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magnitude and the preceding magnitude, because the phase of

the Hall signal at the location is 90°, the phase

difference can be obtained as the difference between the

rotation angle at the peak and 90°.

Assuming that the current rotation angle is denoted by

6, phase differences 40 and v0 between the rotation angle 0,
and the digital Hall signals Ru and Rv, and third harmonic
gains A3u and A3v ére to be obtained in advance. The
effect of the third harmonic can be removed by subtracting
the sine value calculated from these values or, more
specifically, the sine value of an angle three times
(integral multiple of) the rotation angle of the rotor 11,
from the digital Hall signals Ru and Rv as given by
Equations (5). In the present embodiment, multiplication
by three is performed because what is to be removed is the
third harmonic component. The rotation angle 6 having the

same period as the Hall signal is present in the angle

detection device 20 as detected angle data 6d, which will

be described later. Accordingly, in Equations (5), the

- phase differences between the rotation angle 6, and the
digital Hall signals Ru and Rv are denoted by u0 and vO,
respectively.

Dud = Ru — A3u x sin(3(8 - u0))

Dv0 = Rv — A3v x sin(3( - VO))} (5)
Subsequently, the amplitude-fluctuation removing unit

25 removes an amplitude fluctuation component having a

period corresponding to one turn of the rotor 11. The

inventor found that an amplitude fluctuation component

having a period corresponding to one turn of thé rotor 11

is superimposed on the output signal (i.e., Hall signal) of

the Hall element as a result of analysis of the Hall signal.

The amplitude fluctuation component having the period
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corresponding to one turn of the rotor 11 (hereinafter,
"amplitude fluctuation component"”) is superimposed on the
Hall signal illustrated in FIG. 5A in such a manner that a
fluctuation wave having a period that is an integral
multiple of (in the present embodiment, six times) that of
the Hall signal is superimposed on the Hall signal in a
multiplied manner to exhibit the waveform illustrated in
FIG. 5B. Examples causing this include eccentricity of a
rotating shaft of the brushless motor 10. The inventor
also found that such an amplitude fluctuation component can
be a noise component in detection of the rotation angle of
the rotor 11 of the brushless motor 10 and deteriorate
detection accuracy of the rotation angle.

The effect of such an amplitude fluctuation component
can be removed by calculating the following Equations (6),
where Du0 and Dv0 are digital Hall signals from which the
third harmonic component is removéd, ul and vl are phase
differences between the amplitude fluctuation component,
and the digital Hall signals Ru and Rv, K' is an amount of
amplitude fluctuation, and K=1/K'.
Du = Du0 x K sin((6/6) — ul)

Dv = DvO0 x K sin((6/6) - Vl)} (6)

Regarding equations (6), assuming that K' is the
amplitude fluctuation amount, fluctuation occurs at a
period of one-six of the rotation angle 6, and ul, vl is.
the phase difference between thé amplitude fluctuation and
the Hall signal, the signal in FIG. 5B is obtained by
multiplying the digital Hall signal Ru by K'xsin((6/6)-ul),
and thus the original digital Hall signal Ru is obtained by
multiplying the inverse thereof. Put another way,
Equations (6) multiply the digital Hall signals Du0 and DvO

by a sine value of one-sixth (integral submultiple) of the
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rotation angle of the rotor 11.
Subsequently, the vector generation unit 30 serving as
a vector conversion unit obtains an X-axis component Dx and
a Y-axis component Dy of the vector on a rectangular XY
plane, with respect to digital Hall signals Du and Dv from
which the third harmonic component and the amplitude
fluctuation component are remoﬁed. The X-axis component Dx
and the Y-axis component Dy are obtained from the following
Equations (7).
Dx
Dy

Du + Dv

(Dv - Dv) x @/Jg)} )

Here, the meanings of respective Equations (7) are

described below with reference to FIG. 6. A U-axis and a
V-axis are laid on the rectangular XY plane in an
orientation of +60° and an orientation of -60° with respect
to the X-axis, respectively. Letting U and V represent a
unit vector having a length of 1 on the U-axis and a unit
vector having a length of 1 on the V-axis, respectively, a
vector (U+V) is a unit vector X on the X axis, and a vector
(U-V) is a vector having a length of V3 on the Y axis.

That is, Equation (7), which are expressions representing
interoperation of Du and Dv, represent coordinate

transformation from the UV-coordinate system to the XY-

coordinate system. (HAU-HAV) is multiplied by 1/43 (which
is indicated by G in FIG. 3) to cause é transformed vector
to have an equal length.

Subsequently, the vector rotation unit 40 serving as a
rotation calculation unit performs rotation transformation
on the vector represented by the X-axis compohent Dx and

the Y-axis component Dy in accordance with a value of

detected angle data O, which will be described later, and

outputs resultant values as a rotated X-axis component Xdsh
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and a rotated Y-axis component Ydsh.

The rotated X-axis component Xdsh is a vaiue obtained
by adding a result of multiplication of the X-axis
component Dx and a cosine value cosO and a result of
multiplication of the Y-axis component Dy and a sine value
sinf. Put another way, Xdsh=cosOxDx+sinOxDy is calculated.
The rotated Y-axis component Ydsh is a value obtained by
subtracting a result of multiplication of the X-axis
component NDx and the sine value sine® from a result of
multiplication of the Y-axis component Dy and the cosine
value cosB. Put another way, Ydsh=-sinBxDx+cosOxDy is
calculated.

The célculation expressed by Equation (8) is linear
tranéformation that rotates the vector (Vx,Vy) by the angle
0 clockwise to a vector (Vx',Vy'). X' and Y' are obtained
from Equation (8) as X'=cosOxX+sinOxY and Y'=-sinOxX+cosOxY,
respectively. As with the calculation using Equation (8),
the above-described operation performed by the vector
rotation unit 40 corresponds to rotating the vector
represented by the X-axis component Vx and the Y-axis

component Vy by the value of the detected angle data 6

clockwise. The sine value sin0® and the cosine value cos8

correspond to reference sinewaves having multiple phases.
X' cos® sin®]|[Xx (8)
Y| |-sin® cos@||Y

The angle generator 50 serving as a detection unit
corrects the detected angle data 6d indicating the rotation
angle of the rotor 11 based on the rotated Y-axis component
Ydsh in. such a manner that if the sign of the rotated Y-
axis component Ydsh is positive, the detected angle data 6d

is corrected in the positive direction, while if the sign
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of the rotated Y-axis component Ydsh is.negative, the
detected angle data 0d is corrected in the negative
direction. This will be described in detail later.

That is, the vector generation unit 30, the vector
rotation unit 40, and the angle generator 50 described
above make up an angle detection unit.

The two-phase-pulse generation unit 65 updates ENCA

and ENCB, which are two-phase pulse signals, based on the

least-significant two bits of the detected angle data 6d in
accordance with, for example, generation logic illustrated
in FIG. 7A. As a result, the two-phase pulse signals ENCA
and ENCB as those illustrated in FIG. 7A are output. A
central processing unit (CPU) (not shown) or the like reads
the two-phase pulse signals ENCA and ENCB and performs

rotation control of the brushless motor 10. FIG. 7B

illustrates an example where the detected angle data 6d is
8-bit data.

The configuration illustrated in FIG. 3 can, when
provided with a clock generator which generates a clock
having a period that is several times shorter than a
sampling interval of the A/D converter 23, perform data
processing multiple cycles during the sampling interval of
the A/D converter 23. However, the configuration
illustrated in FIG. 3 where multiple multipliérs, adders,
and subtracters are arranged is disadvantageously large in
circuit scale. Inexpensive configuration which is reduced
in circuit scale can be achieved by arranging only a single

multiplier and a single adder-subtracter and supplying to-

" be-calculated input data to the multiplier and the adder-

subtractor in a time dividing manner. An example of this
configuration is illustrated in FIG. 8.

A calculation circuit 100 illustrated in FIG. 8
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performs the various calculations of the harmonic removing

unit 24, the amplitude—fluctuation removing unit 25, the
vector generation unit 30, and the vector rotation unit 40
illustrated in FIG. 3. The calculation circuit 100
includes selectors 101, 102, 103, 104, 105, and 108, a
multiplier 106, an adder-subtracter 107, register files 109
and 111, demultiplexers 110 and 112, and a calculation
control circuit 113.

The selector 101 selectively'outputs one of the
digital Hall signals Ru and Rv which are output from the
A/D converter 23, the third harmonic gains A3u and A3v, the
coefficient K for use in removal of the amplitude
fluctuation component (Equations (3) and (4)), G
representing 1/V3, and calculation results of sinf, cos0,
sin(3(6-ul0)), sin(3(0-v0)), sin(B6/6-ul), and sin(B/6-ul).
Each of the calculation results of sinB, cosO, sin(3(6-u0)),
sin(3(6-v0)), sin(0/6-ul), and sin(0/6-ul) is fed from the
angle generator 50. .

The selector 102 selectively outputs either the output
of the selector 101 or an output of the register file 109
to an input MA, which is one of inputs to the multiplier
106. The selector 103 selectively outputs either the
output of the selector 101 or the output of the register
file 109 to an input MB, which is the other one of the
inputs to the multiplier 106. The selector 104 selectively
outputs either the output of the selector 101 or the output
of the register file 109 to an input A, which is one of‘
inputs to the adder-subtracter 107. The selector 105
selectively outputs either the output of the selector 101
or the output of the register file 109 to an input B, which
is the other one of the inputs to the adder-subtracter 107',

The selector 108 selectively outputs either an output P of
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the multiplier 106 or an output Z of the adder-subtracter

107.

The calculation control circuit 113 controls which
input is to be selected by each of the selectors 101, 102,
103, 104, 105, and 108.

The multiplier 106 multiplies the output of the
selector 102 and the output of the selector 103 and outputs
a multiplication result as the output P. The adder-

subtracter 107 performs addition or subtraction of the

- output of the selector 104 and the output of the selector

105 and outputs the calculation result as thé output Z. An
addition-subtraction switch signal alu op is fed to the
adder-subtracter 107 from the calculation control circuit
113.

The register file 109 includes four registers denoted
by RO to R3 where calculation results of the multiplier 106
and the adder-subtracter 107 are to be temporarily stored.
The register file 111 includes a register XDSH and a
register YDSH where the rotated X-axis component Xdsh and
the rotated Y-axis component Ydsh are to be stored,
respectively. The register files 109 and 111 may be
independent registers or implemented by a memory such as a
RAM. |

The demultiplexer 110 outputs the output of the
selector 108 to one of the registers RO to R3 of the
register file 109. The demultiplexer 112 outputs the
output of the selector 108 to one of the»register.XDSH and
the register YDSH of the register file 111.

The calculation control circuit 113 controls operation

'of the calculation circuit 100 based on a counter value

scnt of a control counter (not shown) and a sampling signal
fs of the A/D converter 23. More specifically, the

calculation control circuit 113 controls selection to be



10

15

20

25

30

WO 2015/080299 PCT/JP2014/082186

18
made by the selectors 101, 102, 103, 104, 105, and 108,

switching between addition and subtraction of the adder-
subtracter 107, selection to be made by the demultiplexers
110 and 112, and the like.

Control timing for the calculation control circuit 113
is described below. In the present embodiment, an example
where control is provided based on a clock having a périod
that is 20 times shorter than the sampling interval (the
sampling signal fs) of the A/D.converter 23 is described.
To generate signals for use 'in controlling operations of
the calculation circuit 100 with appropriate timing, the
calculation control circuit 113 causes the control counter
described above to repeatedly count 20 cycles as
illustrated in FIG. 9 as "O, 1, 2, .., 19, 0, 1, 2,..19, 0,
1, 2, .".

The clock (clk) illustrated in FIG. 9 is ‘generated by
an oscillator (not shown) or the like. The control counter
generates the counter value scnt from 0 to 19 based on this
clock. The sampling signal fs may be generated by
frequency-dividing the clock signal or, alternatively,
generated by another oscillator.

The control timing may be provided‘as follows. Each
of selector switch signals, the addition-subtraction switch
signal alu op, and demultiplexer switch signals (store
signals to the registers RO, R1, R2, R3, XDSH, and YDSH)
are output so that calculations are performed as
illustrated in FIG. 10, for example. As a result,
calculations corresponding to the operation order of the
harmonic removing unit 24, the amplitude-fluctuation
removing unit 25, the vector generation uhit 30, and the
vector rotation unit 40 as illustrated in FIG. 3 can be
performed.

The table illustrated in FIG. 10 contains respective
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columns representing SCNT (the counter value scnt), the

input MA of the multiplier 106, the input MB of the
multiplier 106, the input A of the adder-subtracter 107,
the input B of the adder-subtracter 107, the addition-
subtraction switch signal alu op, the register RO, the
register R1l, the register R2, the register R3, the register
XDSH, and the register YDSH. The table indicates what is
to be input to the inputs, the registers, and the like of
the respective columns for each of SCNT values. For
instance, the table indicates that at SCNT=0, the third

harmonic gain A3u is input to the input MA, which is one of

the inputs to the multiplier 106, sin(3(6-u0)) is input to
the input MB, which is the other one of the inputs, and the
output P of the multiplier 106 is input to the register RO.
The table indicates that at SCNT=1, the digital Hall signal
Ru is input to the input A, which is one of the inputs to
the adder-subtracter 107, the value of the register RO is
input to the input B, which is the other one of the inputs,
and the output Z of the adder-subtracter 107 is input to
the register RO.

In short, the upper one of Equations (5) is calculated
by the operations at SCNTéO and SCNT=1l. Accordingly,
calculation corresponding to that performed by the harmonic
removing unit 24 is performed by the operations at SCNT=0
through 3; calculation corresponding to that performed by
the amplitude-fluctuation removing unit 25 is performed by
the operations at SCNT=4 through 7; calculation
corresponding to that performed by the vector generation
unit 30 is performed by the operations at SCNT=8 through
10; calculation corresponding to that performed by the
vector rotation unit 40 is performed by the operations at
SCNT=11 through 16. This makes it possible to construct a

circuit to include only a single multiplier and a single
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adder-subtracter, thereby reducing circuit scale and cost.

FIG. 11 illustrates a configuration of the angle
generator 50. The angle generator 50 includes an angle
detection unit 51 and a sine-data generation unit 52. The
angle detection unit 51 includes a count determination unit
5la, a counter 51b, and an operation determinationvunit 51c.

The count determination unit 5la increments the
counter 51b when the value of the rotated Y-axis component
Ydsh, -which is output from the vector rotation unit 40, is
positive (larger than 0) but decrements the counter 51b

when the value is negative. The counter 51b is a counter
which outputs the detected angle data 6d. In other words,

because the detected angle data 0d is the output of the
counter 51b, precision (resolution) depends on the number
of bits of the counter. For instance, when the counter 51b

is configured to output 8-bit data expressing a rotation
angle from 0 to 360° 1 least significant bit (LSB)

represents 360°/256=1.4°.

The operation determination unit 51lc determines
whether or not the control counter value scnt is 19 and,
when the control counter value scnt is 19, outputs an
enable signal which allows increment or decrement of the
counter 51b, or the like. That is, the angle detection
unit 51 of the angle generator 50 is operated when all the
calculations of the calculation circuit 100 are completed
as illustrated in FIG. 10. As described above, the angle
detection unit 51 increments or decrements the counter 51b
depending on whether the value of the rotated Y-axis
component Ydsh is positive or negative and outputs a

counter value of when the value of the rotated Y-axis

component Ydsh is 0, as the detected angle data 6d.

The configuration of the angle detection unit 51 is



10

15

20

25

30

WO 2015/080299 PCT/JP2014/082186

21
not limited to that described above. Alternatively, the

angle detection unit 51 may be configured to use an
approximate search algorithm based on a bisection method.
In a system which permits initial convergence time, a
method of converging to actually-detected angle data by
incrementing or decrementing the counter 51b only by one
for a single data piece and continuing calculation for
successive data pileces may be used.

FIG. 12 illustrates a configuration of the sine-data
generation unit_52 serving as a sine value generation unit.
The sine-data generation unit 52 includes a selector 52a, a
first processing unit 52b, a sine wave table 52c¢, and a
second processing unit 52d.

The selector 52a makes selection from the detected
angle data 6d which is output from the angle detection unit
51, the value of (6+90°), the value of 3(0-u0), the value
of 3(6—v0), the value of (0/6-ul), and the value of (0/6-
vl) based on the control counter value scnt and outputs the
selected value. Meanwhile, of the inputs to the selector
52a, 0d of other than the detected angle data 0d is denoted
as 0; this is because 6=06d. Each of the value of 3(6-u0),
the value of 3(6—v0), the value of (0/6-ul), and the value
of (0/6-v1l) is calculated in advance from the phase
differences u0 and v0 with respect to the pre-given digital
Hall signals Ru and Rv, and the phase differences ul and vl
between the amplitude fluctuation component and the digital
Hall signals Ru and Rv. Meanwhile, because cosine‘data can
be obtained by advancing sine data by 90°, an angle of 90°
is added. For instance, when an angle i1s expressed in 8
bits, 256/4=64 is to be added.

The selector 52a selects an output based on the

counter value scnt to output each input data described
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above with required timing. For instance, when the counter

value scnt is 0, the selector 52a selects the wvalue of 3(0-
u0). In other words, the selector 52a makes selection from
the inputs and outputs the selected input in a time
dividing manner. Accordingly, the sine-data generation
unit 52 outputs sinB, cosB, sin(3(6-ul)), sin(3(6-v0)),
sin(8/6-ul), and sin(8/6-vl) in a time dividing manner.
That is, the sine-data generation unit 52 outputs sine
values of integral submultiples of the rotation angle of
the rotor 11 and sine values of integral multiples of the
rotation angle of the rotor 11 in a time dividing manner.

The first processing unit 52b obtains a sine value

tbdata for angle data 0' selected by the selector 52a
according to the following four conditions from the sine

wave table 52c where sine values associated with angle data
0' are stored.

(1y If 0°<0'<90°, the sine wave table 52c is referred to
with the unprocessed angle data 6' as angle data.

(2) If 90°<0'<180°, the sine wave table 52c¢c is referred to
with (180°-8') as angle data. |

(3) If 180°<6'<270°, the sine wave table 52c is referred to
with (6'-180°) as angle data.

(4) If 270°<B'<360°, the sine wave table 52c¢ is referred to
with (360°-0') as angle data.

The operation described above makes it possible to
obtain sine values of angles larger than 90° by making use
of periodicity of trigonometric functions only by storing
sine values of an angle range of 90° in a non-volatile
memory or the like in advance as the sine wave table 52c
for the angle data 6'.

If 180°<0'<360°, the second processing unit 52d
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inverts the positive/negative sign of the sine value tbdata

and outputs the sign-inverted value, but 1f 0°<6'<180°, the
second processing unit 52d outputs unprocessed tbdata. 1In
short, the second processing unit 52d outputs any one of
sinB, cosb, sin(3(6-ul)), sin(3(6—v0)), sin(6/6-ul), and
sin(0/6-v1).

According to the present embodiment, the angle
detection device 20 includes the amplitude-fluctuation
removing unit 25 configured to remove the amplitude
fluctuation component contained in the output signals of
the Hall elements 15U and 15V and having the period
corresponding to one turn of the rotor 11. This makes it
possible to remove the amplitude fluctuation‘component
contained in the output signals of the Hall elementSIISU
and 15V, thereby reducing noise component in detection of
the rotation angle of the rotor 11. As a result, the
rotation angle of the rotor 11 of the brushless motor 10
can be detected accurately.

The amplitude-fluctuation removing unit 25 removes the
amplitude fluctuation component based on the output signals
of the Hall elements 15U and 15V and a sine value of an
integral submultiple of the rotation angle of the rotor 11.
The amplitude fluctuation component is a component having a
period depending on the number of pairs of the poles.
Accordingly, to perform correction in units of one turn of
the rotor 11 of the brushless motor 10, the following
relationship is to be held: (mechanical
angle)/(N/2)=(electrical angle), where N is the number of.
magnetic poles of the rotor 11. According to this, a sine
value of an angle which is a product of the electrical
angle and N/2 is obtained, and multiplication by a gain,

which is the inverse of amplitude fluctuation, is performed.
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As a result, effect of the amplitude fluctuation can be

removed. ‘

Furthermore, the angle detection device 20 includes
the harmonic removing unit 24 configured to remove a third
harmonic component contained in the output signals of the
Hall elements 15U and 15V. This makes it possible to
remove the third harmonic component contained in the output
signals of the Hall elements 15U and 15V, thereby further

reducing the noise component in angle detection. As a

'result, the rotation angle of the rotor 11 of the brushless

motor 10 can be detected more accurately.

The harmonic removing unit 24 removes the third
harmonic component based on the output signals of the Hall
elements 15U and 15V and a sine value of an integral
multiple of the rotation angle of the rotor 11. More

specifically, to cancel the effect of the third harmonic

component, a sine value of an angle (3x((rotation angle)-
(phase difference))) is calculated from the phase
difference between a currently-estimated rotation angle of
the rotor 11 and the Hall signal, a result of
multiplication between the sine value and a gain signal
indicating a magnitude is subtracted from the output
signals of the Hall elements 15U and 15V, and thereby
effect of the third harmonic can be removed.

The angle detection device 20 includes the vector
generation unit 30 configured to convert the digital Hall
signal, from which the third harmonic component and the
amplitude fluctuation component are removed, into a vector,
the vector rotation unit 40 configured to rotate the vector
by performing calculation of the vector generated by the
vector generation unit 30 and the reference sinewaves
having multiple prhases, and the angle generator 50

configured to detect the rotation angle of the rotor 11
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based on a result of the vector rotation unit 40. This

makes it possible to synthesize sinusoidal signals having a
90-degree phase difference from sinusoidal signals output

from the Hall elements and having a phase difference of

other than 90° to thereby detect a rotation angle of the
rotor 11.

The angle generator 50 included in the angle detection
device 20 may be configured to output sin®, cosO, sin(3(6-
u0)), sin(3(0-v0)), sin(8/6-ul), and sin(9/6—vl) in a time
dividing manner. This makes it possible to output each of
the values at time when a corresponding sine value is
required and, furthermore, shared use of calculation
circuit, the sine wave table 52c, and the like.

The angle generator 50 stores data containing sine

values of an angle range of 90° as the sine wave table 52c
in advance. This makes it possible to reduce a capacity of
a storage memory or the like. \

Although the amplitude fluctuation component is

removed after the third harmonic component has been removed
in the configuration illustrated in FIG. 3, this order may
be reversed. The harmonic to be removed is not limited to
the third harmonic component. Any Nth order harmonic
component (N is a natural number greater than 1) can be
removed by applying the method of the present embodiment.
A configuration not including the harmonic removing unit 24
may be employed. In a case where the configuration not
including the harmonic removing unit 24 is employed, the
digital Hall signals Ru and Rv output from the A/D
converter 23 are directly fed to the amplitude-fluctuation
removing unit 25.

The present embodiment has been described based on the

hardware configuration illustrated in FIGS. 3, 8, and 11.
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Alternatively, a computer such as a CPU may be caused to
function as the functions of the harmonic removing unit 24,
the amplitude-fluctuation removing unit 25, the vector
generation unit 30, the vector rotation unit 40, and the
angle generator 50. More specifically, the present
embodiment may be provided as a computer program for
causing a.computer to perform an angle detection method
including harmonic removal, amplitude fluctuation removal,
and angle detection including vector generation, vector
rotation, and angle generation.

Second Embodiment

A second embodiment of the present invention is
described below with reference to FIGS. 13 to 18. Elements
which are identical to those of the above-described first
embodiment are denoted by like reference numerals and
symbols, and repeated descriptions are omitted. FIG. 13 is
an overall configuration diagram of a motor driving device
according to the second embodiment of the present invention.
FIG. 14 is a diagram illustrating conditions for génerating
a Hall signal. FIG. 15 is a configuration diagram of an
upper arm of the driving commutation circuit illustrated in
FIG. 13. FIG. 16 is a diagram illustrating operations of
the modulation unit illustrated in FIG. 13. FIG. 17 is a
diagram illustrating the Hall signals and phase logic of
rectangular pulse driving. FIG. 18 is a diagram
illustrating relationship between phase logic and gate
signals.

The present embodiment is a motor driving device 500
including the angle detection device 20 described in the
first embodiment. Accordingly, the brushless motor 10, the
Hall elements 15U, 15V, and 15W, and the angle detection
device 20 are similar in configuration to those of the

first embodiment.
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The angle detection device 20 is the angle detection

device 20 according the first embodiment described above
and outputs the two-phase pulse signals ENCA and ENCB which
vary with the rotation angle of the rotor 11 (see FIG. 3).
Although the angle detection device 20 illustrated in FIG.

13 does not output the detected angle data 6d, the angle

detection device 20 may alternatively be configured to

output the detected angle data 6d for utilization in
position control, rectangular signal driving, or the like.

A Hall comparator 83 connected to the brushless motor
10 and to the angle detection device 20 is a comparator
which binarizes each of the differential signals of HU+/HU-,
HV+/HV-, and HW+/HW- output from the corresponding Hall
elements 15U, 15V, and 15W in accordance with the logic
illustrated in FIG. 14. The Hall comparator 83 outputs the
binarized signals as a Hall signal HG (HU,HV,HW). For
example, if HU+ is equal to or larger than HU-, the Hall
comparator 83 outputs a High-level signal as HG(HU) which
is in the top column of FIG. 14, but if HU+ is smaller than
HU-, the Hall comparator 83 outputs a Low-level signal.

The same applies to each of HG(HV) and HG (HW).

As illustrated in FIGS. 13 and 15, a driving
commutation circuit 85 includes upper arms 86 and lower
arms 87 which are three-phase connected. Each of the upper
arms 86 is connected to power supply voltage Vcc and
includes a switching element 88 and a diode 89 connected in
parallel. The lower arms 87 are similar to the upper arms
86 in configuration but connected to ground GND. Each of
the switching elements is driven by gate signals (UH, VH,
WH, UL, VL, and WL) to apply a pulse-width-modulated
voltage to the coils 13U, 13V, and 13W of the brushless
motor 10, thereby supplying a driving current to the coils

130, 13V, and 13W and rotationally driving the brushless
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motor 10.

A modulation unit 80 performs pulse width modulation
(hereinafter, "PWM") on a drive-voltage command value Vamp*,
thereby generating PWM-phase gate signals XH and XL in
accordance with predetermined logic.

Operations of the modulation unit 80 are described

~ below with reference to FIG. 16.

A carrier wave Vc illustrated on the top region of FIG.
16 is a triangular wave having a predetermined PWM period
and amplitude from the ground GND to the power supply
voltage Vcc. The modulation unit 80 generates a PWM signal
Xon illustrated in the second region from the top of FIG.
16 based on a result of determination as to which is higher
the amplitude command value Vamp* or the carrier wave Vc.

The modulation unit 80 then generates the PWM-phase
gate signal XH, which is a signal delayed by td from the
PWM signal Xon as illustrated in the third and fourth
regions from the top of FIG. 16, to be fed to the switching
elements 88 of the upper arms 86. The modulation unit 80
also generates the PWM-phase gate signal XL, which is
obtained by inverting the PWM signal Xon with its rising
edge (corresponding to.a falling edgé of Xon) delayed by
double td, to be fed to the switching elements of the lower
arms. Note that td denotes short-circuit prevention time
(dead time) provided to prevent occurrence of a short
circuit between the switching elemeﬁts'of’the upper arm and
the switching elements of the lower arm, and tpwm denotes
the PWM period (i.e., the period of the carrier wave Vc).

A configuration and operations of a commutation
control unit 81 are described below.

The commutation control unit 81 to which the PWM-phase
gate signals XH and XL are input selects and outputs

appropriate gate signals to the U phase, V phase, and W
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phase based on the High/Low logic of the Hall signal HG

(HU,HV,HW) described above, respectively.

To rotationally drive a motor with rectangular waves,
the commutation control unit 81 assigns one phase state of
the PWM phase, a LOW phase, and a HiZ (high impedance)
phase to each of the U phase, the V phase, and the W phase
in accordance with a state of the Hall signal HG as
illustrated in FIG. 17. The commutation control unit 81
outputs gate signals depending on the phase state as
follows.

As illustrated in FIG. 18, if the phase state is the
PWM state, the commutation control unit 81 selects XH as a
gate signal YH for the upper arm 86 and XL as a gate signal
YL for the lower arm 87. If the phase state is the LOW
phase, the commutation control unit 81 sets the gate signal
YH for the upper arm 86 to invariably Lo (Low) and the gate
signal YL for the lower arm 87 to invariably Hi(High). If
the phase state is the HiZ phase, the commutation control

unit 81 sets both the gate signal YH for the upper arm 86

‘and the gate signal YL for the lower arm 87 to invariably

Lo(Low). Each of the switching elements 88 included in the
driving commutation circuit 85 is conducted when the gate
signal applied to the switching element 88 is Hi, but
blocked when the gate signal is Lo. The gate signals YH
and YL represent the gate signals UH and UL of the U phase,
the gate signals VH and HL of the V phase, and the gate
signals WH and WL of the W phase, respectively (see FIG.
13).

These selections for the three phases are
simultaneously updated at start of the PWM period. A
rotating direction can bé reversed by selection in which
the PWM phase and the LOW phase are interchanged from FIG.

17. An example commutating operation performed by the
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driving commutation circuit 85 is described below.

For example, the phase logic of the first PWM period
illustrated in FIG. 17 is such that: the U phase is the LOW
phase, the V phase is the PWM phase, and the W phase is the
Hiz phase. 1In this case, in the U phase, the switching
element 88 of the upper arm 86 1s blocked and the switching
element of the lower arm 87 is conducted in accordance with

the relaticnship illustrated in FIG. 18. 1In the V phase,

‘the switching element 88 of the upper arm 86 is conducted

for a fixed period of time, and the switching element of
the lower arm 87 is blocked for a fixed period of time
containing the fixed conduction period of the upper arm. ‘
In the W phase, the switching elements 88 of both the upper
arm 86 and the lower arm 87 are blocked. As a result, a
drive current flows from the V-phase coil 13V to the U-
phase coil 13U through the switching element of the V-phase
upper arm 86 and the switching element of the U-phase lower
arm 87 over the above-described fixed conduction period of
time. Consequently, the rotor 11 is driven by a torque
generated by interaction between the drive current flowing

through the coils 13V and 13U and a magnetic field of the

permanent magnet of the rotor 11 illustrated in FIG. 1.

The phase logic of the next (second) PWM period
illustrated in FIG. 17 is such that: the U phase is the LOW
phase, the V phase is the Hiz phase, and the W phase is the
PWM phase. In this case, a commutation operation similar
to that described above is performed. As a result, a drive
current flows from the W-phase coil 13W to the U-phase coil
130 through the switching element of the W-phase upper arm
86 and the switching element of the U-phase lower arm 87
over the fixed conduction period of time dﬁring which the
W-phase upper arm 86 is conducted. Consequently, the rotor

11 is driven by a torque generated by interaction between
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the drive current flowing through the coils 13W and 13U and

the magnetic field of the permanent magnet of the rotor 11
illustrated in FIG. 1.

The phase logic of the still next (third) PWM period
illustrated in FIG. 17 is such that: the U phase is the Hiz
phase, the V phase is the LOW phase, and the W phase is the
PWM phase. In this case, a commutation operation similar
to that described above is performed. As a result, a drive
current flows from the W-phase coil 13W to the V-phase coil
13V through the switching element of the W-phase uppef arm
86 and the switching element of the V-phase lower arm 87
over the fixed conduction period of time during which the
W-phase upper arm 86 in is conducted. Consequently, the
rotor 11 is driven by a torgue generated by interaction
between the drive current flowing through the coils 13W and
13V and the magnetic field of the permanent magnet of the
rotor 11 illustrated in FIG. 1.

In the following fourth PWM period illustrated in FIG.
17, over the fixed period of time during which the U-phase
uppervarm is conducted, a drive current flows from the U-
phase coil 13U to the V-phase coil 13V through the
switching element of the U-phase ﬁpper arm 86 and the
switching element of the V-phase lower arm 87. 1In the
fifth PWM period, over the fixed period of time during
which the U-phase upper arm is conducted, a drive current
flows from the U-phase coil 13U to the W-phase coil 13W

through the switching element of the U-phase upper arm 86

- and the switching element of the W-phase lower arm 87. 1In

the sixth PWM period, over the fixed period of time during
which the V-phase upper arm is conducted, a drive current
flows from the V—phase coil 13V to the W-phase coil 13W
through the switching element of the V-phase upper arm 86

and the switching element of the W-phase lower arm 87.



10

15

20

25

30

WO 2015/080299 PCT/JP2014/082186

32
Thereafter, the pattern of the series of the PWM periods

(six periods) illustrated in FIG. 17 is repeated. The
rotor 11 is continuously rotated by the drive current
appropriately supplied to each of the coils 13U, 13V, and
13W by the commutation operation performed by the driving
commutation circuit 85. In short, the rotor 11 is
rotationally driven by application of a periodically-
varying drive voltage to the coil terminals 120U, 12V, and
12W of the brushless motor 10.

According to the present embodiment, because the motor
driving device 500 which drives the brushless motor 10
includes the angle detection device 20, angle detection can
be performed accurately without requiring addition of
another sensor such as an optical encoder.

Furthermore, output signals of the Hall elements 150U,
15V, and 15W, which are essentially provided in the
brushless motor 10 to drive the brushless motor 10 by
éommutation, can be utilized for the following purposes.
That 1is, the output signals can be utilized not only for
detection of timing for commutation by the Hall comparator
83, the commutation control unit 81, the driving
commutation circuit 85, and the modulation unit 80 but also
can be utilized in detection of a rotation angle by the
angle detection device 20. Because the need of adding
another sensor such as an optical encoder is obviated, the
motor driving device 500 including, in addition to a
configuration for detection of the commutation timing, a
configuration for the angle detection can be constructed
less expensively. Meanwhile, the "configuration for
detection of the commutation timing" denotes, in the
example illustrated in FIG. 13, the configuration including
the Hall comparator 83, the commutation control unit 81,

the driving commutation circuit 85, and the modulation unit
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80. The "configuration for the angle detection" denotes,

for example, the configuration including the angle
detection device 20.

Third Embodiment

A third embodiment of the present invention is
described below with reference to FIG. 19. Elements which
are identical to those of the above-described first

embodiment are denoted by like reference numerals and

'symbols, and repeated descriptions are omitted. FIG. 19 is

a cross-sectional view illustrating an example of an image
forming apparatus according to the third embodiment of the
present invention.

An image forming apparatus 1000 illustrated in FIG. 19
is what is referred to as a tandem full-color image forming
apparatus constructed as a copying apparatus by including
an image reading unit. The copying apparatus according to
the third embodiment includes an apparatus body 1100
mounted on a sheet feeding table 1200, a.scanner 1300
arranged at an uppermost portion of the apparatus body 1100,
and an automatic document feeder (ADF) 1400 arranged on the
scanner 1300.

The scanner 1300 internally includes a first carriage
1310 made up of an illumination light source and a mirror,
and a second carriage 1320 including a mirror. The first
carriage 1310 and the second carriage 1320 are movable
parallel to an exposure glass 1330. The second carriage
1320 employs a known optical system and travels at a speed
half that of the first carriage 1310. The first carriage
1310 and the second carriage 1320 scan an image of a
stationary original document on the exposure glass 1330
while traveling. Light reflected from the original
document illuminated with light from the-light source is

cbnverged through a condensing lens 1340 to form an image
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and captured with a solid-state image sensor 1350 such as a

charge coupled device (CCD). The captured data is
processed by an image processing unit (not shown) of the
apparatus body 1100.

An intermediate transfer belt 1010 is arranged at a
substantially center portion of the apparatus body 1100.
Four image forming units 1020 are arranged along a top
surface of the intermediate transfer belt 1010. In each of
the image forming units 1020, devices necessary for an
electrophotographic process are arranged around a
photoconductor drum 1030.

The intermediate transfer belt 1010 is looped and
stretched over multiple support rollers to be rotatable
clockwise. Transfer rollers serving as a primary transfer
unit are arranged on the inner éide of the intermediate
transfer belt 1010 at positions facing the photoconductor
drums 1030 of the image forming units.

An exposure device 1040 is arranged above the image
forming units 1020. The exposure device 1040 irradiates
the photoconductor drum 1030 of each of the image forming
units 1020 with writing light.

A transfer conveyance belt 1050 is arranged below the
intermediate transfer belt 1010. One of rollers supporting
the transfer conveyance belt 1050 functions as a secondary
transfer roller and transfers, as secondary transfer, an
image on the intermediate transfer belt 1010 onto a
recording medium (e.g., transfer paper).b

A fixiﬁg device 1060 is arranged to the left of the
transfer conVeyance belt 1050. A sheet output tray 1070 is
arranged on a side surface of the apparatus at a position
to the left of the fixing device 1060. A sheet reversing
unit 1080 is arranged at a lowermost portion of the

apparatus body 1100. The sheet feeding table 1200 includes
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sheet feeding cassettes 1210 and 1220 stacked in two layers.

When making a copy using the full-color copying
apparatus illustrated in FIG. 19, a user places an original
document on the original document table of the ADF 1400 or
on the exposure glass 1330 of the scanner. When a start
switch arranged on an operating panel ‘(not shown) is
pressed, the scanner 1300 is driven to read document
information by causing light emitted from the light source
and reflected off the original document to be reflected
from the mirrors so that reflected light enters readihg
sensor {(the solid-state image sensor 1350) through the
condensing lens 1340.

When the start switch arranged on the operating panel
is pressed, the intermediate transfer belt 1010 is
rotationally driven by a drive motor (not shown).
Simultaneously, the photoconductor drums 1030 of the image
forming units 1020 are rotated and single-color images of
black, yellow, magenta, and cyan are respectively formed on
the photoconductor drums 1030. These single-color images
are transferred onto the intermediate transfer belt 1010
one by one to form a composite color image.

The brushless motor 10 driven by the motor driving
device 500 described above with reference to FIG. 13 can be
used as the drive motor (not shown) which rotationally
drives the intermediate transfer belt 1010. The motor
driving device 500 can be used as the motor driving device
which drives the brushless motor 10 serving as the drive
motor. In this case, although not illustrated in FIG. 19,
the motor driving device 500 is included in the image
forming apparatus 1000. |

When the start switch is pressed, a sheet is picked up
and delivered from the sheet feeding table 1200 and caused

to abut on registration rollers 1260 to be temporarily
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stopped.

The registration rollers 1260 are rotated with timing
matched to the composite color image on tne intermediate
transfer belt 1010, the sheet is delivered to between the
intermediate transfer belt 1010 and the transfer conveyance
belt 1050, and the image 1s transferred and the color image
is recorded on the sheet at a secondary transfer section.
The sheet onto which the image has been transferred is
delivered to the fixing device 1060 where a toner image is
fixed. Then, the sheet is discharged onto the sheet output
tray 1070.

According to the third embodiment, the brushless motor
10 is used as the drive motor which rotationally drives the
intermediate transfer belt 1010 and the like of the image
forming apparatus 1000, and the motor driving device 500 is
used as the drive device of the brushless motor 10.
Accordingly, accurate angle detection can be performed
without requiring addition of another sensor such as an
optical encoder. Therefore, the drive motor of the image
forming apparatus 1000 can be driven accurately.

The motor described in each of the embodiments
described above is not limited to an outer rotor type.
Alternatively, the motor may be of an inner rotor type.
Connection pattern of the coils is not limited to the Y
connection (star connection)and may alternatively be delta
connection; The number of poles of the motor's rotor is
not limited to 12. The arrangement of the Hall elements is
not limited to that with the 120-degree phése difference.

The motor driving device of the present invention is
suitably applicable to household electrical appliances,
office automation (OA) equipment, and the like. Examples
of the OA equipment to which the motor driving device is

applicable include not only the image forming apparatus
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described above but also an image reading apparatus.

The image forming units in the image forming apparatus
can have any desired configuration. The image forming
units of the respective colors may be arranged in an
arbitrary order in the tandem image forming apparatus. The
configuration of the image forming apparatus is not limited
to the tandem type. Alternatively, a configuration in
which multiple developing devices are arranged around a
single photoconductor or a configuration adopting a
revolver type developing device can be employed. The
present invention is applicable to a full-color image
forming apparatus using toner of three colors, a multiple-
color image forming apparatus using toner of two colors, or
a monochrome image forming apparatus. As a matter of
course, the image forming apparatus is not limited to a
copylng apparatus and may alternatively be a printer, a
facsimile, or a multifunction peripheral having multiple
functions.

The invention is not to be limited to the specific
embodiments described above. Those skilled in the art will
recognize that the invention can be modified in various
manners within the scope of the present invention. The
various modifications and other embodiments are intended to
be included within the scope of the present invention so
long as including the configuration of the angle detection
device, the motor driving device, or the image forming
apparatus according to an aspect of the present invention.

According to an'aspect of the present invention, an
angle detection device capable of detecting a rotation
angle of a rotor of a motor accurately can be provided.

Although the invention has been described with respect
to specific embodiments for a complete and clear disclosure,

the appended claims are not to be thus limited but are to
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be construed as embodying all modifications and alternative

constructions that may occur to one skilled in the art that

fairly fall within the basic teaching herein set forth.

REFERENCE SIGNS LIST
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150,
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CLAIMS

1. An angle detection device comprising:

an angle detection unit that detects a rotation angle
of a rotor based on output signals of multiple magnetic
sensors arranged so as to detect the rotation angle of the
rotor of a motor and have a phase difference from each
other, and

an amplitude-fluctuation removing unit that removes an
amplitude fluctuation component contained in the output
Signals of the magnetic sensors and having a period

corresponding to one turn of the rotor.

2. The angle detection device according to claim 1,
further comprising a harmonic removing unit that removes an
Nth harmonic component (N is a natural number equal to orx
greater than 2) contained in the output éignals of the

magnetic sensors.

3. The angle detection device according to claim 2,
further comprising

a sine value generation unit that oﬁtputs a sine value
of an integral submultiple of the rotation angle of the
rotor and a sine value of an integral multiple of the
rotation angle of the rotor in a time dividing manner,
wherein

the amplitude-fluctuation removing unit removes the
amplitude fluctuation component having the period
corresponding to one turn of the rotor based on the output
signals of the magnétic sensors and the sine value of the
integral submultiple of the rotation angle of the rotor
output by the sine wvalue generation unit, and

the harmonic removing unit removes the Nth harmonic

component based on the output signals of the magnetic
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sensors and the sine value of the integral multiple of the

rotation angle of the rotor output by the sine value

generation unit.

4. The angle detection device according to claim 3,

wherein data containing sine values of an angle range of

90° associated with the rotation angle is stored in the

sine value generation unit in advance.

5. A motor driving device that rotationally drives a
motor by applying a periodically-varying drive voltage to
coil terminals of the motor, the motor driving device
comprising the ahgle detection device according to any one

of claims 1 to 4.

6. The motor driving device according to claim 5, wherein
the multiple magnetic sensdrs are arranged near the
rotor, and
the motor is driven by commutation based on the output

signals of the multiple magnetic sensors.

7. An image forming apparatus comprising the motor

driving device according to claim 5 or 6.

8. An angle detection method comprising:

detecting a rotation angle of a rotor of a motor
based on output signals of multiple magnetic sensors
arranged so as to detect the rotation angle of the rotor
and have a phase difference from each other, and

removing an amplitude fluctuation component contained
in the output signals of the magnetic sensors and having a

period corresponding to one turn of the rotor.
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