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(54) MOTOR DRIVING APPARATUS AND METHOD THEREOF

(57) A motor driving apparatus and a control method
thereof, including a dc-link capacitor configured to store
DC power, an inverter including a plurality of switching
elements and converting the DC power stored in the
dc-link capacitor into AC power to output the power to a
motor, a dc-link resistor element disposed between the
dc-link capacitor and the inverter; and a controller con-
figured to control an operation of the inverter. The con-
troller calculates a phase difference between a first ref-

erence voltage vector among a plurality of reference volt-
age vectors that are preset on the space vector and a
voltage command, generates a switching frequency, de-
termines a first operating point located in a dead band
that is a one-phase current undetectable area in one
switching cycle and a second operating point located at
an outer position including a boundary of the dead band,
and controls operation of the plurality of switching ele-
ments.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the priority benefit of Ko-
rean Patent Application No. 10-2019-0085059, filed on
July 15, 2019 in the Korean Intellectual Property Office,
the disclosure of which is incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

Field of the disclosure

[0002] The present disclosure relates to a motor driving
apparatus and a control method thereof and, more par-
ticularly, to a motor driving apparatus and a control meth-
od thereof, capable of increasing the voltage utilization
rate of an inverter in a space-vector pulse width variable
control, thus improving the efficiency of the inverter.

Description of the Related Art

[0003] A motor driving apparatus is an apparatus con-
figured to drive a motor including a rotor which performs
a rotary motion and a stator around which a coil is wound.
The motor driving apparatus may be classified into a sen-
sor type motor driving apparatus using a sensor, such
as a hall sensor, and a sensorless type motor driving
apparatus having no sensor.
[0004] A general sensor type motor driving apparatus
according to related art 1 (Korean Patent Laid-Open Pub-
lication No. 10-2014-0082747) can easily check the ro-
tation speed of the motor or the position of the rotor of
the motor through a hall effect sensor.
[0005] In contrast, since a sensorless type motor driv-
ing apparatus may not check the rotation speed of the
motor or the position of the rotor through the hall effect
sensor, this apparatus detects a phase current flowing
through the motor on the basis of a current flowing be-
tween an inverter and the motor, and detects the rotation
speed of the motor or the position of the rotor of the motor
through calculation based on the phase current.
[0006] Particularly, when the case of detecting a cur-
rent flowing through one shunt resistor and calculating
the phase current of each phase flowing through the mo-
tor through calculation on the basis of the detected cur-
rent, thus controlling the operation of the motor, as in
related art 2 (Korean Patent Laid-Open Publication No.
10-2011-0030304), is compared with the case of using
two or three shunt resistors, related art 2 is problematic
in that the detection of the phase current of each phase
flowing through the motor may be limited, and thereby it
is more complicated to control the operation of the motor.
[0007] Nevertheless, for the reason of a reduction in
manufacturing cost, the sensorless type motor driving
apparatus is widely used in recent years, and various
studies are being conducted to improve the efficiency of

the inverter and more stably drive the motor in the sen-
sorless type motor driving apparatus.

SUMMARY OF THE INVENTION

[0008] The present disclosure provides a motor driving
apparatus and a control method thereof, which can ex-
pand an operation control area for an inverter, without
using a flux weakening operating area, in a space vector
pulse width variable control.
[0009] The present disclosure also provides a motor
driving apparatus and a control method thereof, which
can improve a harmonic distortion rate in a space vector
pulse width variable control.
[0010] The present disclosure also provides a motor
driving apparatus and a control method thereof, which
improve the voltage utilization rate of an inverter, thus
improving the output efficiency of the inverter and a mo-
tor.
[0011] The present disclosure also provides a motor
driving apparatus and a control method thereof, which
improve the voltage utilization rate of an inverter and min-
imize a weak field control, thus reducing an iron loss and
a copper loss due to an increase in current.
[0012] In order to accomplish the above-described ob-
jectives, a motor driving apparatus in accordance with
an embodiment of the present disclosure can control so
that switching elements of an inverter perform a switching
operation, on the basis of a plurality of reference voltage
vectors that are preset at predetermined intervals on a
space vector, when controlling the operation of the in-
verter and a motor using one dc-link resistor element.
[0013] In an aspect, a motor driving apparatus includes
a dc-link capacitor configured to store DC power; an in-
verter including a plurality of switching elements, and
converting the DC power stored in the dc-link capacitor
into AC power to output the power to a motor; a dc-link
resistor element disposed between the dc-link capacitor
and the inverter; and a controller configured to control an
operation of the inverter, on the basis of a space vector
pulse width variable control, wherein the controller cal-
culates a phase difference between a first reference volt-
age vector among a plurality of reference voltage vectors
that are preset on the space vector and a voltage com-
mand, generates a switching frequency on the basis of
the calculated phase difference, determines a first oper-
ating point located in a dead band that is a one-phase
current undetectable area in one switching cycle and a
second operating point located at an outer position in-
cluding a boundary of the dead band, on the basis of a
level of the voltage command and the calculated phase
difference, and controls operation of the plurality of
switching elements, on the basis of the generated switch-
ing frequency and the first and second operating points.
[0014] In another aspect, a control method of a motor
driving apparatus includes an operation of calculating,
by a controller, a phase difference between a first refer-
ence voltage vector among a plurality of reference volt-
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age vectors preset on a space vector and a voltage com-
mand; an operation of generating, by the controller, a
switching frequency, on the basis of the calculated phase
difference; an operating-point determining operation of
determining, by the controller, a first operating point lo-
cated in a dead band that is a one-phase current unde-
tectable area in one switching cycle and a second oper-
ating point located at an outer position including a bound-
ary of the dead band, on the basis of a level of the voltage
command and the calculated phase difference; and an
operation of controlling an operation of a plurality of
switching elements provided in an inverter configured to
output AC power to a motor, on the basis of the generated
switching frequency and the first and second operating
points.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 is an example of an internal block diagram of
a motor driving apparatus in accordance with an em-
bodiment of the present disclosure.
FIG. 2A is an example of an internal circuit diagram
of the motor driving apparatus in accordance with
the embodiment of the present disclosure, and FIG.
2B is an example of an internal block diagram of an
inverter controller in accordance with an embodi-
ment of the present disclosure.
FIGS. 3 to 5D are diagrams illustrating a space vector
pulse width variable control in accordance with an
embodiment of the present disclosure.
FIG. 6 is a diagram illustrating sampling points that
are preset at predetermined intervals on a space
vector, in accordance with an embodiment of the
present disclosure.
FIGS. 7A to 7D are diagrams illustrating an operation
of the motor driving apparatus depending on a volt-
age command and a preset first sampling point, in
accordance with an embodiment of the present dis-
closure.
FIGS. 8A to 8D are diagrams illustrating an operation
of the motor driving apparatus depending on a volt-
age command and a preset second sampling point,
in accordance with an embodiment of the present
disclosure.
FIGS. 9A to 9C are diagrams illustrating an operation
of the motor driving apparatus depending on a volt-
age command and a preset plurality of sampling
points, in accordance with an embodiment of the
present disclosure.
FIGS. 10A and 10B are diagrams illustrating an op-
eration of the motor driving apparatus depending on
a voltage command and a preset sampling point, in
connection with a maximum voltage utilization rate,
in accordance with an embodiment of the present
disclosure.
FIG. 11 is a diagram illustrating a voltage utilization

rate depending on an operation of the motor driving
apparatus, in accordance with an embodiment of the
present disclosure.
FIGS. 12A and 12B are diagrams illustrating a har-
monic distortion rate of an output current depending
on the phase of a plurality of sampling points, in ac-
cordance with an embodiment of the present disclo-
sure.
FIG. 13 is a flowchart illustrating a control method of
a motor driving apparatus, in accordance with an em-
bodiment of the present disclosure.
FIGS. 14A to 14C are diagrams illustrating a cleaner
that is an example of a home appliance having a
motor driving apparatus in accordance with an em-
bodiment of the present disclosure.
FIGS. 15A to 15C are diagrams illustrating various
home appliances each having a motor driving appa-
ratus in accordance with an embodiment of the
present disclosure.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0016] Hereinafter, the present disclosure will be de-
scribed in detail with reference to the accompanying
drawings. In order to clearly and briefly describe the
present disclosure, components that are irrelevant to the
description will be omitted in the drawings. The same
reference numerals are used throughout the drawings to
designate the same or similar components.
[0017] Terms "module" and "part" for elements used
in the following description are given simply in view of
the ease of the description, and do not carry any impor-
tant meaning or role. Therefore, the "module" and the
"part" may be used interchangeably.
[0018] It should be understood that the terms "com-
prise", "include", "have", etc. when used in this specifi-
cation, specify the presence of stated features, integers,
steps, operations, elements, components, or combina-
tions of them but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, or combinations thereof.
[0019] It will be understood that, although the terms
"first", "second", etc. may be used herein to describe var-
ious elements, these elements should not be limited by
these terms. These terms are only used to distinguish
one element from another element.
[0020] Unless otherwise defined, all terms including
technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which the present disclosure belongs.
Further, terms defined in a common dictionary will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.
[0021] In the drawings, the thicknesses or the sizes of
elements and graphs may be exaggerated, omitted or
simplified to more clearly and conveniently illustrate the
present disclosure.
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[0022] FIG. 1 is an example of an internal block dia-
gram of a motor driving apparatus in accordance with an
embodiment of the present disclosure.
[0023] Referring to FIG. 1, the motor driving apparatus
200 may include, for example, a power supply part 210,
a motor driver 220, a motor 230, an input part 240, an
output part 250, and/or a controller 260.
[0024] For example, the power supply part 210 may
supply power to the motor driving apparatus 200.
[0025] For example, the power supply part 210 may
convert AC power input from commercial AC power into
DC power to supply it as the power of the motor driving
apparatus 200. For example, the power supply part 210
may be provided with a converter (not shown), and may
convert the AC power into the DC power through the
converter.
[0026] The power supply part 210 may be provided
with, for example, a battery 215 storing the DC power.
For example, the power supply part 210 may supply the
DC power stored in the battery 215 as the power of the
motor driving apparatus 200.
[0027] For example, the power supply part 210 may
convert the commercial AC power into the DC power to
store the DC power in the battery 215.
[0028] The power supply part 210 may further include
a dc-link capacitor (not shown), and store the DC power
converted through the converter and/or the DC power
supplied from the battery 215 in the dc-link capacitor.
[0029] The motor driver 220 may drive, for example,
the motor 230. For example, the motor driver 220 may
drive the motor 230 on the basis of power supplied from
the power supply part 210.
[0030] For example, the motor driver 220 may be pro-
vided with a plurality of switching elements, include an
inverter (not shown) that converts the DC power into a
predetermined frequency of AC power and outputs the
AC power through the on/off operation of the switching
elements, and supply the AC power output from the in-
verter to the motor 230.
[0031] For example, the motor driver 220 may further
include a current detector (not shown) that detects a cur-
rent flowing through each component of the motor driving
apparatus 200 and/or a voltage detector (not shown) that
detects a voltage applied to each component.
[0032] In order to detect the current, the current detec-
tor may include, for example, a current sensor, a current
transformer (CT), a shunt resistor and the like, and the
detected current may be input into the controller 260.
[0033] In order to detect the voltage, the voltage de-
tector may include, for example, a resistor element, an
operational amplifier (op-amp) and the like, and the de-
tected voltage may be input into the controller 260.
[0034] For example, the motor230 may be driven ac-
cording to the power supplied from the motor driver 220.
[0035] For example, the motor 230 may be driven ac-
cording to a predetermined frequency of AC power sup-
plied from the motor driver 220. For example, the oper-
ation of the motor 230 may be changed according to the

level and/or frequency of the power supplied from the
motor driver 220.
[0036] Examples of the motor 230 may include a Sur-
face-Mounted Permanent-Magnet Synchronous Motor
(SMPMSM), an Interior Permanent Magnet Synchronous
Motor (IPMSM), a Synchronous Reluctance Motor (Syn-
RM), etc. Among them, each of the SMPMSM and the
IPMSM is a Permanent Magnet Synchronous Motor
(PMSM) to which a permanent magnet is applied, and
the SynRm has no permanent magnet.
[0037] For example, the input part 240 may be provid-
ed with an input apparatus (e.g. key, touch panel, etc.)
that may receive a user input. For example, the input part
240 may include a power key for turning on or off the
power of the home appliance 100, an operation key for
setting the operation of the motor driving apparatus 200,
etc.
[0038] For example, the input part 240 may receive the
user input through an input device, and transmit a com-
mand corresponding to the received user input to the
controller 260. For example, the controller 260 may de-
termine the operation mode of the motor driving appara-
tus 200, on the basis of the user input that is input through
the input part 240.
[0039] For example, the output part 250 may include
a display device such as a display (not shown) or a Light
Emitting Diode (LED). For example, the output part 250
may display the power on/off state of the motor driving
apparatus 200, an operating condition depending on an
operation mode, a message related to error occurrence,
etc.
[0040] For example, the output part 250 may include
an audio device such as a speaker or a buzzer. For ex-
ample, the output part 250 may output an effect sound
according to the power on/off state of the motor driving
apparatus 200, an effect sound according to a change in
operation mode, and a warning sound for error occur-
rence.
[0041] For example, the controller 260 may be con-
nected to each component provided in the motor driving
apparatus 200. For example, the controller 260 may
transmit or receive a signal to or from each component
of the motor driving apparatus 200, and control the overall
operation of each component.
[0042] For example, the controller 260 may include a
converter controller (not shown) that controls the opera-
tion of the converter and/or an inverter controller (not
shown) that controls the operation of the inverter. Ac-
cording to various embodiments of the present disclo-
sure, the converter controller and the inverter controller
may be included in the same component or separate
components.
[0043] For example, the controller 260 may control the
operation of the motor driver 220. For example, the con-
troller 260 may output a switching control signal for con-
trolling the switching operation of the inverter included in
the motor driver 220. Here, the switching control signal
may be, for example, a control signal of a pulse width
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modulation (PWM) having a predetermined duty cycle
and frequency.
[0044] Meanwhile, the motor driving apparatus 200 ac-
cording to various embodiments of the present disclosure
may control the operation of the motor 230 by the sen-
sorless type in which a component such as a hall sensor
for sensing the rotor position of the motor 230 is not pro-
vided inside or outside the motor 230.
[0045] For example, the controller 260 may calculate
the current flowing through the motor 230. For example,
the controller 260 may calculate the current flowing
through the motor 230 through the current detector.
[0046] For example, the controller 260 may calculate
the phase current flowing through the motor 230. In this
case, when the motor 230 is a three-phase motor, the
controller may calculate the three-phase current flowing
through the motor 230.
[0047] For example, the controller 260 may calculate
the rotation speed of the motor 230. For example, the
controller 260 may calculate the rotation speed of the
motor 230, on the basis of the phase current flowing
through the motor 230.
[0048] For example, the controller 260 may calculate
the position of the rotor of the motor 230. For example,
the controller 260 may calculate the position of the rotor
of the motor 230, on the basis of the phase current flowing
through the motor 230.
[0049] FIG. 2A is an example of an internal circuit di-
agram of the motor driving apparatus in accordance with
the embodiment of the present disclosure, and FIG. 2B
is an example of an internal block diagram of the inverter
controller in accordance with the embodiment of the
present disclosure.
[0050] Referring to FIG. 2A, the motor driving appara-
tus 200 may include, for example, a converter 410, a dc-
link capacitor C, an inverter 420, a motor 230, and/or an
inverter controller 430.
[0051] For example, the motor driving apparatus 200
may further include an input current detector A, a dc-link
voltage detector B, and/or an output-current detector E.
[0052] For example, the converter 410 may commu-
tate input AC power 405 into DC power to output the DC
power. Here, the input AC power may be, for example,
single-phase AC power or three-phase AC power.
[0053] For example, the converter 410 may be provid-
ed with a bridge diode. For example, upper-arm diode
elements and lower-arm diode elements may be con-
nected, respectively, in series, and each of the upper-
arm diode elements and each of the lower-arm diode
elements may make one pair. A total of two or three pairs
of upper and lower arm diode elements may be connect-
ed in parallel.
[0054] Meanwhile, the converter 410 may use a half-
bridge type of converter to which two switching elements
and four diodes are connected, for example. In the case
of the three-phase AC power, six switching elements and
six diodes may be used.
[0055] For example, the dc-link capacitor C may be

connected to an output terminal of the converter 410.
[0056] The dc-link capacitor C may smoothen and
store the DC power supplied from the converter 410. Al-
though the drawing illustrates one element as the dc-link
capacitor C, the present disclosure is not limited thereto.
That is, a plurality of elements may be provided, so that
it is possible to ensure element stability.
[0057] For example, the inverter 420 may be connect-
ed to dc-links that are both ends of a dc-link capacitor C,
convert DC power into AC power, and output the con-
verted AC power to the motor 230.
[0058] For example, the inverter 420 may include a
plurality of switching elements Sa, S’a, Sb, S’b, Sc, and
S’c, and convert smoothened DC power Vdc into three-
phase AC power of a predetermined frequency by the
on/off operation of each switching element, thus output-
ting the power to the motor 230.
[0059] For example, the inverter 420 may include up-
per-arm switching elements Sa, Sb, and Sc and lower-
arm switching elements S’a, S’b, and S’c. The upper-arm
switching elements and the lower-arm switching ele-
ments may be connected, respectively, in series, and
each of the upper-arm switching elements and each of
the lower-arm switching elements may make one pair. A
total of three pairs of upper and lower arm switching el-
ements Sa&S’a, Sb&S’b, and Sc&S’c may be connected
in parallel. A diode may be connected to each of the
switching elements Sa, S’a, Sb, S’b, Sc, and S’c in anti-
parallel connection.
[0060] For example, the switching elements Sa, S’a,
Sb, S’b, Sc, and S’c of the inverter 420 may perform the
on/off operation, on the basis of the switching control
signal Sic that is output from the inverter controller 430.
[0061] For example, the input current detector A may
detect an input current is from the input AC power 405.
For example, the input current detector A may be con-
nected to a front end of the converter 410. For example,
the detected input current is may be input to the inverter
controller 430.
[0062] For example, a dc-link voltage detector B may
detect dc-link voltage Vdc to which DC power is supplied.
For example, the detected dc-link voltage Vdc may be
input to the inverter controller 430, as a pulse type of
discrete signal.
[0063] For example, the output-current detector E may
be provided with a dc-link resistor element Rdc that is
disposed between the dc-link capacitor C and the inverter
420. For example, the detected output current io may be
input to the inverter controller 430.
[0064] For example, the inverter controller 430 may
control the switching operation of the inverter 420.
[0065] For example, in order to control the switching
operation of the inverter 420, the inverter controller 430
may output the switching control signal Sic to the inverter
420. The output of the control signal Sic will be described
with reference to FIG. 2B.
[0066] Referring to FIG. 2B, the inverter controller 430
of the motor driving apparatus 200 in accordance with
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the embodiment of the present disclosure may, for ex-
ample, include a phase-current detector 305, an axis con-
version part 310, a speed calculator 320, a current-com-
mand generator 330, a voltage-command generator 340,
a switching-frequency calculator 350, and/or a switching-
control-signal output part 360.
[0067] For example, the phase-current detector 305
may detect a phase current flowing through the motor
230, on the basis of a current io flowing through the dc-
link resistor element Rdc that is detected through the
output-current detector E.
[0068] For example, the phase-current detector 305
may detect a three-phase current flowing through each
phase of the motor 230, on the basis of the current io
flowing through the dc-link resistor element Rdc. The de-
tection of the phase current will be described with refer-
ence to FIGS. 3 to 5D.
[0069] FIGS. 3 to 5D are diagrams illustrating a space
vector pulse width variable control in accordance with an
embodiment of the present disclosure.
[0070] First, FIG. 3 illustrates the space-vector-based
voltage vector, according to the switching combination
of each switching element Sa, S’a, Sb, S’b, Sc, and S’c
in the inverter 420.
[0071] Referring to FIG. 3, effective vectors V1(100)
to V6(101) corresponding to the switching timing of each
switching element Sa, Sb, or Sc in the inverter 420 can
be seen. Furthermore, when all of the upper-arm switch-
ing elements Sa, Sb, and Sc in the inverter 420 are on,
this corresponds to a zero vector of V7(111). When all
of the lower-arm switching elements S’a, S’b, and S’c are
on, this corresponds to a zero vector of V0(000). That is,
two zero vectors are present in the space vector area.
[0072] One-shunt method detects a phase current
flowing through the motor 230 on the basis of the current
flowing through the dc-link resistor element Rdc, when
the effective vector is applied, in a control period Ts for
one space vector PWM (SVPWM), analog to digital (A/D)
converts the detected phase current, and determines the
effective vector, thus reconstructing or estimating the
phase current.
[0073] Here, since the vector is applied within one pe-
riod Ts, phase currents of two phases may be recon-
structed or estimated, and a current of the remaining one
phase may be obtained in view of the fact that the sum
of currents of three phases is zero.
[0074] FIG. 4 is a diagram illustrating the switching of
each switching element in the inverter 420, in response
to the effective vector. Hereinafter, the application period
1010 of the effective vector V1(100) and the effective
vector V2(110) will be mainly described.
[0075] In FIG. 4, since a first effective vector is V1(100),
ia current that is the a phase current during the time of
T2/2, and -ic current that is the c phase current during
the time of T1/2 in a next effective vector V2(110) are
detected.
[0076] Meanwhile, ib current that is a current of the
remaining one phase (b phase) may be calculated

through internal calculation in the inverter controller 430.
The inverter controller 430 may perform a vector control
using the three-phase current thus obtained.
[0077] Meanwhile, the basic principle of the current re-
construction using the dc-link resistor element Rdc is to
sense the current flowing through the dc-link resistor el-
ement Rdc and thereby reconstruct the phase current,
in an effective vector section. Here, when a section in
which the effective vector is applied is short, it has a prob-
lem with the sensing of the current flowing through the
dc-link resistor element Rdc.
[0078] To be more specific, in the case where the
switching element in the inverter 420 is switched, a prob-
lem is caused by a settling time Tsettling due to a ringing
phenomenon during switching, a dead time Tdead of the
inverter 310, and an A/D conversion time TA/D. Thus, in
order to detect a normal current, sampling should be per-
formed after the above time elapsed.
[0079] As a result, a minimum effective vector applica-
tion time Tmin for detecting the current flowing through
the dc-link resistor element Rdc may be calculated as in
the following Equation 1.

[0080] That is, the minimum effective vector applica-
tion time Tmin may correspond to the sum of the settling
time Tsettling due to the ringing phenomenon when the
switching element in the inverter 420 is switched, the
dead time Tdead of the inverter 310, and the A/D con-
version time TA/D during the sampling.
[0081] Meanwhile, FIGS. 5A to 5D are diagrams illus-
trating the case where the effective vector is applied for
a time shorter than the minimum effective vector appli-
cation time Tmin.
[0082] FIGS. 5A and 5B illustrates the case where the
application time of one effective vector within one switch-
ing period is shorter than the minimum effective vector
application time Tmin, in the space vector PWM (SVP-
WM) hexagon.
[0083] Referring to FIG. 5A, in areas around vectors
V1 to V6, an area 1101 where it is impossible to detect
the current through the dc-link resistor element Rdc may
be generated. This area will be referred to as a non-meas-
urable area or a dead band.
[0084] Referring to FIG. 5B, a T2/2 section 1105 by
the vector V1(100) is greater than the minimum effective
vector application time Tmin, but a T1/2 section 1110 by
the vector V2(110) is smaller than the minimum effective
vector application time Tmin. Thus, it is possible to detect
the a phase current in the T2/2 section, but it is impossible
to detect the c phase current in the T1/2 section.
[0085] Meanwhile, FIGS. 5C and 5D illustrate the case
where the application time of two effective vectors within
one switching period is shorter than the minimum effec-
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tive vector application time Tmin, in the space vector
PWM (SVPWM) hexagon.
[0086] Referring to FIG. 5C, in an area Ara around the
zero vector, an area 1102 where it is impossible to detect
the current through the dc-link resistor element Rdc is
generated.
[0087] Referring to FIG. 5D, both the T2/2 section 1115
by the vector V1(100) and the T1/2 section 1120 by the
vector V2(110) are smaller than the minimum effective
vector application time Tmin. Thus, it is impossible to
detect the a phase current and the c phase current in the
T2/2 section and the T1/2 section.
[0088] Meanwhile, in the area where it is impossible to
detect the current, the motor is not controlled precisely.
However, according to various embodiments of the
present disclosure, even in the area where it is impossible
to detect the current, the operation of the inverter 420
may be controlled. This will be described later with ref-
erence to FIGS. 6 to 10B.
[0089] Turning back to FIG. 2B, the axis conversion
part 310 may, for example, receive three-phase output
currents ia, ib, and ic detected by the phase-current de-
tector 305, and convert the three-phase output currents
into two- phase currents iα and iβ of a stationary coordi-
nate system.
[0090] Meanwhile, the axis conversion part 310 may,
for example, convert the two-phase currents iα and iβ of
the stationary coordinate system into the two- phase cur-
rents id and iq of the rotating coordinate system.
[0091] The speed calculator 320 may estimate a rotor
position of the motor 230, on the basis of the two-phase
currents id and iq of the rotating coordinate system, which
is axis-converted in the axis conversion part 310.
[0092] The speed calculator 320 may, for example, es-
timate the rotation speed of the motor 230, on the basis
of the rotor position.
[0093] The speed calculator 320 may, for example,
output the calculated position and the calculated speed.
[0094] Meanwhile, the current-command generator
330 may, for example, generate a current command val-
ue i*q, on the basis of the calculation speed and a speed
command value ω*r. For example, the current-command
generator 330 may perform PI control in the PI controller
335 on the basis of a difference between the calculation
speed and the speed command value ω*r, and generate
the current command value i*q.
[0095] Although it is shown in the drawing that a q-axis
current command value i*q is the current command val-
ue, the present disclosure is not limited thereto, and a d-
axis current command value i*d may be generated to-
gether. Meanwhile, the value of the d-axis current com-
mand value i*d may be set to zero.
[0096] Meanwhile, for example, the current-command
generator 330 may further include a limiter (not shown)
that limits the level of the current command value i*q so
that it does not exceed an allowable range.
[0097] Next, the voltage-command generator 340
may, for example, generate d-axis and q-axis voltage

command values v*d and v*q, on the basis of the d-axis
and the q-axis currents id and iq that are axis-converted
to a two-phase rotating coordinate system in the axis
conversion part and the current command values i*d and
i*q in the current-command generator 330 or the like.
[0098] For example, the voltage-command generator
340 may perform the PI control in the PI controller 344,
on the basis of a difference between the q-axis current
iq and the q-axis current command value i*q, thus gen-
erating the q-axis voltage command value v*q.
[0099] Furthermore, the voltage-command generator
340 may, for example, perform the PI control in the PI
controller 348, on the basis of a difference between the
d-axis current id and the d-axis current command value
i*d, thus generating the d-axis voltage command value
v*d.
[0100] Meanwhile, the value of the d-axis voltage com-
mand value v*d may, for example, be set to zero, when
the value of the d-axis current command value i*d is set
to zero.
[0101] Meanwhile, for example, the voltage-command
generator 340 may further include a limiter that limits the
levels of the d-axis and q-axis voltage command values
v*d and v*q so that they do not exceed allowable ranges.
[0102] Meanwhile, the generated d-axis and q-axis
voltage command values v*d and v*q may be, for exam-
ple, input to the switching-frequency calculator 350.
[0103] The switching-frequency calculator 350 may,
for example, output three-phase output voltage com-
mand values v*a, v*b and v*c and a switching frequency
fs, on the basis of the position and/or the speed calculated
in the speed calculator 320 and the d-axis and q-axis
voltage command values v*d and v*q. This will be de-
scribed with reference to FIGS. 6 to 10B.
[0104] FIG. 6 is a diagram illustrating sampling points
that are preset at predetermined intervals on a space
vector, in accordance with an embodiment of the present
disclosure.
[0105] The switching-frequency calculator 350 may,
for example, set a plurality of sampling points P1 to P6
at predetermined intervals on the space vector, and out-
put the three-phase output voltage command values v*a,
v*b and v*c and the switching frequency fs, on the basis
of the plurality of sampling points P1 to P6. Here, the
sampling points may, for example, mean points on the
space vector, which are a reference for adjusting the
phase of the voltage command v*, so as to generate the
three-phase output voltage command values v*a, v*b and
v*c and the switching frequency fs. Here, the voltage
command v* may, for example, mean the d-axis and q-
axis voltage command values v*d and v*q generated in
the above-described voltage-command generator 340.
[0106] For example, the plurality of sampling points P1
to P6 may be set at predetermined intervals on respective
sides of a hexagon of a voltage vector diagram.
[0107] Meanwhile, for example, the plurality of sam-
pling points P1 to P6 may be set in consideration of the
detection of the phase current flowing through the motor
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230 and the voltage utilization rate of the inverter 420.
[0108] Referring to FIG. 6, the plurality of sampling
points P1 to P6 may be set between vertices P11 to P61
of the hexagon of the voltage vector diagram correspond-
ing to the maximum voltage utilization rate and boundary
points P12 to P62 located on boundaries of a dead band
based on the minimum effective vector application time
Tmin.
[0109] Here, each of the sampling points P1 to P6 may
correspond on average to voltage that is the same as the
result obtained by combining the vertices P11 to P61 of
the hexagon of the voltage vector diagram and the bound-
ary points P12 to P62 of the dead band.
[0110] For example, the switching-frequency calcula-
tor 350 may consider the plurality of sampling points P1
to P6 in a preset sequence, when generating the voltage
command values v*a, v*b and v*c and the switching fre-
quency fs. For example, the switching-frequency calcu-
lator 350 may sequentially consider from the first sam-
pling point P1 to the sixth sampling point P6 during one
rotation of the electrical angle of the motor 230, so as to
generate the voltage command values v*a, v*b and v*c
and the switching frequency fs.
[0111] FIGS. 7A to 7D are diagrams illustrating the op-
eration of the motor driving apparatus depending on the
voltage command v* and the preset first sampling point
P1, in accordance with an embodiment of the present
disclosure.
[0112] Referring to FIGS. 7A and 7B, in the case of
controlling the inverter 420 on the basis of the first sam-
pling point P1 among the plurality of sampling points P1
to P6 in the preset sequence, the switching-frequency
calculator 350 may calculate a phase difference θerr be-
tween the voltage command v* and the first sampling
point P1.
[0113] For example, the switching-frequency calcula-
tor 350 may rotatably convert the voltage command v*
by the phase θp of the first sampling point P1, and cal-
culate a phase difference θerr between the rotatably con-
verted voltage command v’* and the vector V1(100), thus
calculating the phase difference θerr between the voltage
command v* and the first sampling point P1.
[0114] The switching-frequency calculator 350 may,
for example, calculate a variation ΔTs of the switching
cycle for the switching control of the inverter 420.
[0115] For example, as in the following Equation 2, the
variation ΔTs of the switching cycle may be calculated
on the basis of the rotation speed of the motor 230 and
the phase difference θerr.

[0116] Meanwhile, the switching-frequency calculator
350 may, for example, generate the switching frequency
fs on the basis of the variation ΔTs of the switching cycle.

[0117] For example, as in the following Equation 3, on
the basis of a previous switching cycle Ts[n-1] and the
variation ΔTs of the switching cycle, the switching cycle
Ts[n] for the first sampling point P1 may be calculated,
and the switching frequency fs corresponding to the
switching cycle Ts[n] may be generated.

[0118] Meanwhile, referring to FIG. 7C, the switching-
frequency calculator 350 may rotatably convert the volt-
age command v* by the calculated phase difference θerr
to correspond to the first sampling point P1, and may
determine two operating points P11 and P12 in consid-
eration of the level of the voltage command v* and the
minimum effective vector application time Tmin.
[0119] Here, any one of the two operating points may
correspond to the boundary point P12 of the dead band,
and the remaining one P11 of the two operating points
may correspond to a vector that may on average make
the same voltage as the vector that is rotatably converted
from the voltage command v* by the phase difference
θerr through combination with the boundary point P12 of
the dead band.
[0120] Referring to FIG. 7D, it can be seen that the first
operating point P11 is located in the dead band, so that
it is possible to detect the a phase of current but it is
impossible to detect the b phase of current. Therefore, it
can be seen that it is also impossible to detect the c phase
of current.
[0121] However, since the second operating point P12
is located at the boundary of the dead band, it can be
seen that the T2/2 section by the vector V2(110) corre-
sponds to the minimum effective vector application time
Tmin, and the T1/2 section by the vector V1(100) is larger
than the minimum effective vector application time Tmin.
Therefore, it is possible to detect the c phase of current
in the T2/2 section, to detect the a phase of current in
the T1/2 section, and to detect the b phase of current, on
the basis of the two detected phases of currents.
[0122] For example, the switching-frequency calcula-
tor 350 may generate the voltage command values v*a,
v*b, and v*c corresponding to the two operating points
P11 and P12 and the switching frequency fs to output
the voltage command values and the switching frequency
to the switching-control-signal output part 360.
[0123] Meanwhile, the inverter controller 430 may, for
example, perform the switching control of the inverter
420 according to the first sampling point P1 among the
plurality of sampling points P1 to P6 in a preset sequence,
and then control the operation of the inverter 420 on the
basis of the second sampling point P2.
[0124] FIGS. 8A to 8D are diagrams illustrating an op-
eration of the motor driving apparatus depending on a
voltage command v* and a preset second sampling point
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P2, in accordance with an embodiment of the present
disclosure. Details that have been already described in
FIGS. 7A to 7D will be omitted herein.
[0125] Referring to FIGS. 8A and 8B, the switching-
frequency calculator 350 may, for example, calculate a
phase difference θerr between the voltage command v*
and the second sampling point P2 among the plurality of
sampling points P1 to P6.
[0126] For example, the switching-frequency calcula-
tor 350 may rotatably convert the voltage command v*
by the phase (θp+60°) of the first sampling point P1, and
calculate the phase difference θerr between the rotatably
converted voltage command v’* and the vector V1(100),
thus calculating the phase difference θerr between the
voltage command v* and the second sampling point P2.
[0127] The switching-frequency calculator 350 may,
for example, calculate the variation ΔTs of the switching
cycle for the switching control of the inverter 420, and
generate the switching frequency fs, on the basis of the
variation ΔTs of the switching cycle.
[0128] Meanwhile, referring to FIG. 8C, the switching-
frequency calculator 350 may rotatably convert the volt-
age command v* by the calculated phase difference θerr
to correspond to the second sampling point P2, and de-
termine two operating points P21 and P22 in view of the
level of the voltage command v* and the minimum effec-
tive vector application time Tmin.
[0129] Here, any one of the two operating points may
correspond to the boundary point P22 of the dead band,
and the remaining one P21 of the two operating points
may correspond to a vector that may on average make
the same voltage as the vector that is rotatably converted
from the voltage command v* by the phase difference
θerr through combination with the boundary point P22 of
the dead band.
[0130] Referring to FIG. 8D, it can be seen that the first
operating point P21 is located in the dead band, so that
it is possible to detect the c phase of current but it is
impossible to detect the a phase of current. Therefore, it
can be seen that it is also impossible to detect the b phase
of current.
[0131] However, since the second operating point P22
is located at the boundary of the dead band, it can be
seen that the T1/2 section by the vector V3(010) corre-
sponds to the minimum effective vector application time
Tmin, and the T2/2 section by the vector V2(100) is larger
than the minimum effective vector application time Tmin.
Therefore, it is possible to detect the b phase of current
in the T1/2 section, to detect the c phase of current in the
T2/2 section, and to detect the a phase of current, on the
basis of the two detected phases of currents.
[0132] Meanwhile, the switching-control-signal output
part 360 may, for example, generate and output the
switching control signal Sic depending on the pulse width
modulation (PWM) method, on the basis of the switching
frequency fs and the three-phase output voltage com-
mand values v*a, v*b, and v*c output from the switching-
frequency calculator 350.

[0133] For example, the switching-control-signal out-
put part 360 may generate and output the switching con-
trol signal Sic depending on the pulse width modulation
(PWM) method corresponding to two operating points
P11 and P12, on the basis of the switching frequency fs
and the three-phase output voltage command values v*a,
v*b, and v*c generated based on the first sampling point
P1.
[0134] The switching control signal Sic may, for exam-
ple, convert an inverter switching signal Si in a gate driver
(not shown), and be input to a gate of each switching
element in the inverter 420. For example, the respective
switching elements Sa, S’a, Sb, S’b, Sc, and S’c provided
in the inverter 420 may perform the switching operation
by the inverter switching signal Si.
[0135] As such, the inverter controller 430 may control
the operation of the plurality of switching elements Sa,
S’a, Sb, S’b, Sc, and S’c provided in the inverter 420, by
sequentially considering the plurality of sampling points
P1 to P6 that are preset at predetermined intervals on
the space vector, according to a preset sequence.
[0136] FIGS. 9A to 9C are diagrams illustrating an op-
eration of the motor driving apparatus depending on a
voltage command v* and a preset plurality of sampling
points P1 to P6, in accordance with an embodiment of
the present disclosure.
[0137] Referring to FIG. 9A, for example, the inverter
controller 430 may sequentially determine a plurality of
operating points P11 to P62 for the voltage command v*,
on the basis of each of the plurality of sampling points
P1 to P6.
[0138] Meanwhile, for example, the inverter controller
430 may sequentially generate and output the switching
control signal Sic depending on the pulse width modula-
tion (PWM) method corresponding to the plurality of op-
erating points P11 to P62, according to a preset se-
quence, thus controlling the operation of the plurality of
switching elements Sa, S’a, Sb, S’b, Sc, and S’c provided
in the inverter 420.
[0139] Referring to (a), (c) and (e) of FIG. 9B, it can be
seen that the T1/2 section is larger than the minimum
effective vector application time Tmin, and the T2/2 sec-
tion corresponds to the minimum effective vector appli-
cation time Tmin.
[0140] Meanwhile, referring to (b), (d) and (f) of FIG.
9B, it can be seen that the T2/2 section is larger than the
minimum effective vector application time Tmin, and the
T1/2 section corresponds to the minimum effective vector
application time Tmin.
[0141] Meanwhile, referring to FIG. 9C, it can be seen
that the a phase is not switched and only the b phase
and the c phase are switched, among three phases, in
one cycle Ts corresponding to the operating point P12
and the operating point P21, and it can be seen that the
b phase is not switched and only the a phase and the c
phase are switched, among three phases, in one cycle
Ts corresponding to the operating point P22 and the op-
erating point P31.
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[0142] As such, the inverter controller 430 may control
the operation of the plurality of switching elements Sa,
S’a, Sb, S’b, Sc, and S’c provided in the inverter 420,
according to discontinuous voltage modulation in which
only two phases among three phases are switched in
one cycle Ts.
[0143] Meanwhile, the inverter controller 430 may, for
example, control the operation of the plurality of switching
elements Sa, S’a, Sb, S’b, Sc, and S’c provided in the
inverter 420, according to a maximum voltage utilization
rate. This will be described with reference to FIGS. 10A
and 10B.
[0144] FIGS. 10A and 10B are diagrams illustrating an
operation of the motor driving apparatus using the input
voltage of the inverter 420 to the maximum, in accord-
ance with an embodiment of the present disclosure.
[0145] Referring to FIG. 10A, for example, the inverter
controller 430 may sequentially determine the plurality
of operating points P11 to P62 for the voltage command
v*, on the basis of each of the plurality of sampling points
P1 to P6.
[0146] In this case, for example, when the plurality of
operating points P11 to P62 is determined, the inverter
controller 430 may determine the plurality of operating
points P11 to P62 so that the operating points P11 to P61
located in the dead band are located in respective verti-
ces of the hexagon of the voltage vector diagram corre-
sponding to the maximum voltage utilization rate.
[0147] Referring to FIG. 10B, it can be seen that, in
one cycle Ts, only one of the three phases is switched
and the other two phases are not switched.
[0148] As such, according to various embodiments of
the present disclosure, the operation of the inverter 420
may be controlled on the basis of the plurality of sampling
points P1 to P6 located in the dead band, in the space
vector pulse width variable control, so that the operation
control area for the inverter 420 can be expanded without
using a flux weakening operating area.
[0149] Furthermore, in the space vector pulse width
variable control, the voltage utilization rate of the inverter
420 can be enhanced without using a flux weakening
operating area.
[0150] FIG. 11 is a diagram illustrating a voltage utili-
zation rate depending on an operation of the motor driving
apparatus, in accordance with an embodiment of the
present disclosure.
[0151] Referring to FIG. 11, in the case of the general
space vector PWM (SVPWM) control method, it can be
seen that the maximum voltage utilization rate is 1/√3
Vdc corresponding to an inscribed circle of the hexagon
of the voltage vector diagram.
[0152] However, according to various embodiments of
the present disclosure, since the maximum voltage utili-
zation rate corresponds to a circle formed by connecting
the plurality of sampling points P1 to P6, this becomes
higher in maximum voltage utilization rate as compared
with the general space vector PWM (SVPWM) control
method.

[0153] Meanwhile, according to various embodiments
of the present disclosure, since the operation of the in-
verter 420 is controlled on the basis of the plurality of
sampling points P1 to P6 that are preset at predetermined
intervals, the harmonic distortion rate for the output cur-
rent of the motor 230 can be improved.
[0154] FIGS. 12A and 12B are diagrams illustrating a
harmonic distortion rate of an output current depending
on the phase θp of a plurality of sampling points P1 to
P6, in accordance with an embodiment of the present
disclosure.
[0155] Referring to FIGS. 12A and 12B, in the case of
setting the phase θp of the first sampling point P1 to
30°(1210), 20°(1220), 15°(1230), 10°(1240), and
6.3°(1250) on the basis of the vertices of the hexagon of
the voltage vector diagram and the minimum effective
vector application time Tmin, changes in output current
and harmonic distortion rate of the motor 230 can be
confirmed.
[0156] According to a graph 1260 for the harmonic dis-
tortion rate of FIG. 12B, it can be seen that, as the phase
θp of the sampling point P1 is adjusted so that the first
sampling point P1 is located in the dead band, the har-
monic distortion rate is improved as compared with the
general space vector PWM (SVPWM) control method.
[0157] The general space vector PWM (SVPWM) con-
trol method is problematic in that it uses a weak field
control to enhance the voltage utilization rate, so that an
iron loss and a copper loss are increased due to an in-
crease in current. In contrast, according to various em-
bodiments of the present disclosure, it is possible to in-
crease the voltage utilization rate of the inverter 420 as
compared with the general space vector PWM (SVPWM)
control method, while minimizing the weak field control,
thus enhancing the output efficiency of the inverter 420
and the motor 230, and reducing the iron loss and the
copper loss due to the increase in current.
[0158] FIG. 13 is a flowchart illustrating a control meth-
od of a motor driving apparatus 200, in accordance with
an embodiment of the present disclosure.
[0159] Referring to FIG. 13, the motor driving appara-
tus 200 may calculate the phase difference θerr between
any one of the plurality of sampling points P1 to P6 and
the voltage command v* in operation S1310.
[0160] When the motor driving apparatus 200 controls,
for example, the inverter 420, on the basis of the first
sampling point P1 among the plurality of sampling points
P1 to P6 according to a preset sequence, the switching-
frequency calculator 350 may calculate the phase differ-
ence θerr between the voltage command v* and the first
sampling point P1.
[0161] For example, the switching-frequency calcula-
tor 350 may rotatably convert the voltage command v*
by the phase θp of the first sampling point P1, and cal-
culate the phase difference θerr between the rotatably
converted voltage command v’* and the vector V1 (100),
thus calculating the phase difference θerr between the
voltage command v* and the first sampling point P1.
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[0162] The motor driving apparatus 200 may generate
the switching frequency fs, on the basis of the calculated
phase difference θerr, in operation S1320.
[0163] For example, the motor driving apparatus 200
may calculate the variation ΔTs of the switching cycle,
on the basis of the rotation speed of the motor 230 and
the phase difference θerr. Here, the motor driving appa-
ratus 200 may calculate the switching cycle Ts[n] for the
first sampling point P1, on the basis of the previous
switching cycle Ts[n-1] and the variation ΔTs of the
switching cycle, and generate the switching frequency fs
corresponding to the switching cycle Ts[n].
[0164] The motor driving apparatus 200 may deter-
mine the first and second operating points P11 and P12
on the space vector, on the basis of the level of the voltage
command v* and the calculated phase difference θerr,
in operation S1330.
[0165] For example, the motor driving apparatus 200
may rotatably convert the voltage command v* by the
calculated phase difference θerr to correspond to the first
sampling point P1, and determine the first and second
operating points P11 and P12, in consideration of the
level of the voltage command v* and the minimum effec-
tive vector application time Tmin.
[0166] The motor driving apparatus 200 may control
the operation of the plurality of switching elements Sa,
S’a, Sb, S’b, Sc, and S’c provided in the inverter 420, in
operation S1340, on the basis of the switching frequency
fs generated in operation S1320 and the first and second
operating points P11 and P12 determined in operation
S1330.
[0167] For example, as the switching control signal Sic
is output according to the pulse width modulation (PWM)
method corresponding to the switching frequency fs and
the first and second operating points P11 and P12, the
plurality of switching elements Sa, S’a, Sb, S’b, Sc, and
S’c provided in the inverter 420 may perform the switch-
ing operation.
[0168] FIGS. 14A to 14C are diagrams illustrating a
cleaner that is an example of a home appliance having
a motor driving apparatus in accordance with an embod-
iment of the present disclosure.
[0169] FIG. 14A is a side elevation view of a cleaner
that is an example of a home appliance in accordance
with an embodiment of the present disclosure, FIG. 14B
is a perspective view of the cleaner with a nozzle module
being detached from FIG. 14A, and FIG. 14C is a side
view of the cleaner of FIG. 14B.
[0170] Referring to FIGS. 14A to 14C, a cleaner 100a
that is an example of a home appliance 100 in accord-
ance with an embodiment of the present disclosure may
include, for example, a main body 10 that defines a path
P to guide sucked air and thereby discharge the sucked
air to an outside, a handle 30 coupled to a rear side of
the main body 10, a nozzle module 70 detachably con-
nected to a suction part 11 of the main body 10, a battery
Bt (e.g. the battery 215 of FIG. 1) supplying power, a
battery housing 40 accommodating the battery Bt therein,

and/or a fan module 50 disposed on the path P to move
air in the path.
[0171] The nozzle module 70 may include, for exam-
ple, a nozzle part 71 provided to suck external air, and
an extension pipe 73 extending long from the nozzle part
71.
[0172] The extension pipe 73 may connect the nozzle
part 71 and the suction part 11, for example. The exten-
sion pipe 73 may guide, for example, air sucked from the
nozzle part 71 to introduce the air into the suction path
P. One end of the extension pipe 73 may be detachably
coupled to the suction part 11 of the main body 10, for
example. A user may clean while holding the handle 30
and moving the nozzle part 71 in a state where the nozzle
part 71 is placed on a floor.
[0173] The main body 10 may include, for example, a
discharge cover 12 that forms an exhaust port 10a, a
dust collector 13 that stores separated dust, and/or a fan
module housing 14 that accommodates the fan module
50 therein.
[0174] The discharge cover 12 may form, for example,
an upper surface of the main body 10 to cover the top of
the fan module housing 14.
[0175] The dust collector 13 may be formed in a cylin-
drical shape, for example. The dust collector 13 may be
disposed under the fan module housing 14, for example.
Thus, a dust storage space may be formed in the dust
collector 13.
[0176] For example, the fan module housing 14 may
extend upwards from the dust collector 13. The fan mod-
ule housing 14 may be formed in a cylindrical shape, for
example. An extension part 31 of the handle 30 may be
disposed on a rear side of the fan module housing 14.
[0177] The fan module 50 may be disposed in the fan
module housing 14.
[0178] The fan module 50 may include, for example, a
suction motor 230 that rotates an impeller 51. For exam-
ple, the suction motor 230 may be positioned above a
dust separator 20.
[0179] For example, the impeller 51 may be disposed
under the suction motor 230. For example, the impeller
51 may be coupled to the suction motor 230 to be rotated
by the rotating force of the suction motor 230.
[0180] Meanwhile, the impeller 51 may compress the
air by rotation, thus allowing the air in the path P to be
discharged through the exhaust port 10a, for example.
[0181] Meanwhile, the cleaner 100a may include a mo-
tor driver (not shown) to control the suction motor 230,
for example. The motor driver 220 of the motor driving
apparatus 200 may be disposed between the suction mo-
tor 230 and the dust collector 13, for example. Meanwhile,
the motor driver 220 may be provided with a circuit ele-
ment disposed on a PCB circuit board, for example.
[0182] For example, the handle 30 may extend in a
vertical direction and include an additional extension part
32. For example, the additional extension part 32 may
be spaced apart from the main body 10 in a horizontal
direction. A user may grasp the additional extension part
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32 and use the cleaner 100a. For example, an upper end
of the additional extension part 32 may be connected to
a rear end of the extension part 31. For example, a lower
end of the additional extension part 32 is connected to
the battery housing 40.
[0183] For example, the additional extension part 32
may be provided with a movement limiter 32a so as to
prevent the hand from being moved in a longitudinal di-
rection (vertical direction) of the additional extension part
32 in a state where a user grasp the additional extension
part 32. For example, the movement limiter 32a may pro-
trude forwards from the additional extension part 32.
[0184] For example, the movement limiter 32a may be
spaced apart from the extension part 31 in the vertical
direction. In a state where a user grasps the additional
extension part 32, some fingers of the user’s hand may
be positioned above the movement limiter 32a, and the
remaining fingers may be positioned under the move-
ment limiter 32a.
[0185] For example, the handle 30 may include an in-
clined surface 33 that faces upwards and rearwards. For
example, the inclined surface 33 may be positioned on
the rear surface of the extension part 31. For example,
an input part 3 may be disposed on the inclined surface
33.
[0186] For example, the battery Bt may supply power
to the fan module 50. For example, the battery Bt may
supply power to a noise control module. For example,
the battery Bt may be detachably disposed in the battery
housing 40.
[0187] The battery housing 40 may be, for example,
coupled to the rear side of the main body 10. The battery
housing 40 may be, for example, disposed under the han-
dle 30. The battery Bt may be, for example, accommo-
dated in the battery housing 40. For example, a heat dis-
sipation hole may be formed in the battery housing 40 to
dissipate heat generated from the battery Bt to an out-
side.
[0188] Meanwhile, the exhaust port 10a may be, for
example, disposed to face in a specific direction (e.g.
upward direction). For example, a plurality of exhaust
ports 10a may be divided into each other in a circumfer-
ential direction by a plurality of exhaust guides 12a. For
example, the plurality of exhaust ports 10a may be
spaced apart from each other by a predetermined dis-
tance in the circumferential direction.
[0189] FIGS. 15A to C are diagrams illustrating various
home appliances each having a motor driving apparatus
in accordance with an embodiment of the present disclo-
sure.
[0190] FIG. 15A illustrates a refrigerator 100b config-
ured such that a compressor motor (not shown) may be
driven by the motor driving apparatus 200, FIG. 15B il-
lustrates a laundry treatment device (washing machine
or drier) 100c configured such that a motor (not shown)
for rotating a washing tub may be driven by the motor
driving apparatus 200, and FIG. 15C illustrates an air
conditioner 100d configured such that a compressor mo-

tor (not shown) may be driven by the motor driving ap-
paratus 200.
[0191] Since the accompanying drawings are merely
for easily understanding embodiments disclosed herein,
it should be understood that the technical spirit disclosed
herein is not limited by the accompanying drawings, and
all changes, equivalents or substitutions are included in
the spirit and technical scope of the present disclosure.
[0192] Likewise, although operations are shown in a
specific order in the drawings, it should not be understood
that the operations are performed in the specific order
shown in the drawings or in a sequential order so as to
obtain desirable results, or all operations shown in the
drawings are performed. In certain cases, multitasking
and parallel processing may be advantageous.
[0193] Although the present disclosure has been de-
scribed with reference to specific embodiments shown
in the drawings, it is apparent to those skilled in the art
that the present description is not limited to those exem-
plary embodiments and is embodied in many forms with-
out departing from the scope of the present disclosure,
which is described in the following claims. These modi-
fications should not be individually understood from the
technical spirit or scope of the present disclosure.
[0194] According to various embodiments of the
present disclosure, it is possible to control the operation
of an inverter and a motor using one dc-link resistor el-
ement, thus increasing price competitiveness as com-
pared with a sensor type motor driving apparatus or a
sensorless type motor driving apparatus having a plural-
ity of resistor elements.
[0195] Furthermore, according to various embodi-
ments of the present disclosure, an operation control ar-
ea for an inverter can be expanded without using a flux
weakening operating area, in a space vector pulse width
variable control using one dc-link resistor element.
[0196] Furthermore, according to various embodi-
ments of the present disclosure, switching elements of
an inverter are controlled to be switched on the basis of
a plurality of operating points that are preset at predeter-
mined intervals in a space vector pulse width variable
control, thus enhancing the efficiency of the inverter and
improving the harmonic distortion rate.
[0197] Furthermore, according to various embodi-
ments of the present disclosure, it is possible to improve
the voltage utilization rate of an inverter while minimizing
a weak field control, thus improving the output efficiency
of the inverter and a motor and reducing an iron loss and
a copper loss due to an increase in current.

Claims

1. A motor driving apparatus, comprising:

a dc-link capacitor configured to store direct cur-
rent (DC) power;
an inverter that includes a plurality of switching
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elements, and that is configured to convert the
DC power stored in the dc-link capacitor into al-
ternating current (AC) power and output the AC
power to a motor;
a dc-link resistor element located between the
dc-link capacitor and the inverter; and
a controller configured to control, based on a
space vector pulse width variable control, oper-
ations of the inverter,
wherein the controller is further configured to:

calculate a phase difference between a first
reference voltage vector among a plurality
of reference voltage vectors that are preset
for the space vector and a voltage command
vector,
generate, based on the calculated phase
difference, a switching frequency,
determine, based on a level of the voltage
command vector and the calculated phase
difference, a first operating point located in
a dead band in which a current flowing
through the dc-link resistor is undetectable,
and a second operating point located at a
boundary or outside of the dead band, and
control, based on the generated switching
frequency and the first and second operat-
ing points, operations of the plurality of
switching elements of the inverter.

2. The motor driving apparatus of claim 1, wherein an
average phase of a voltage vector corresponding to
the first operating point and a voltage vector corre-
sponding to the second operating point corresponds
to a phase of the first reference voltage vector.

3. The motor driving apparatus of claim 1, wherein the
plurality of reference voltage vectors are preset at
predetermined intervals on respective sides of a hex-
agon of a voltage vector diagram.

4. The motor driving apparatus of claim 1, wherein the
controller is configured to:

calculate, based on the current flowing through
the dc-link resistor element, a phase current
flowing through the motor,
calculate, based on the calculated phase cur-
rent, a rotation speed of the motor, and
generate, based on the calculated rotation
speed of the motor and the calculated phase
difference, the switching frequency.

5. The motor driving apparatus of claim 4, wherein the
controller is configured to:

calculate, based on the calculated rotation
speed of the motor and the calculated phase

difference, a cycle variation, and
generate, based on a previous switching cycle
and the calculated cycle variation, the switching
frequency.

6. The motor driving apparatus of claim 3, wherein the
controller is configured to control the inverter accord-
ing to a maximum voltage utilization rate by:
determining, based on a level of a voltage stored in
the dc-link capacitor and one of a plurality of effective
voltage vectors related to the first reference voltage
vector, the first operating point.

7. The motor driving apparatus of claim 6, wherein the
first operating point is located at a vertex of a hexa-
gon of the voltage vector diagram.

8. The motor driving apparatus of claim 7, wherein the
controller is configured to determine, based on a min-
imum effective vector application time, the second
operating point that is located at the boundary of the
dead band.

9. The motor driving apparatus of claim 2, wherein,
based on a level of the voltage command being con-
stant, a ratio of time for detecting one of phase cur-
rents flowing through the motor in a switching cycle
equals a time for detecting another one of the phase
currents flowing through the motor.

10. The motor driving apparatus of claim 4, wherein the
controller comprises:

a phase-current detector configured to calcu-
late, based on the current flowing through the
dc-link resistor element, the phase current flow-
ing through the motor;
a speed calculator configured to calculate,
based on the calculated phase current, the ro-
tation speed of the motor;
a current-command generator configured to
generate, based on the calculated rotation
speed of the motor and a speed command value,
a current command value;
a voltage-command generator configured to
generate, based on the current command value
and the calculated phase current, the voltage
command;
a switching-frequency calculator configured to
generate, based on the voltage command and
the calculated rotation speed of the motor, the
switching frequency; and
a switching-control-signal output device config-
ured to output, based on the generated switch-
ing frequency, a switching control signal for driv-
ing the inverter.

11. A control method, comprising:
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calculating, by a controller, a phase difference
between a first reference voltage vector among
a plurality of reference voltage vectors preset
for a space vector and a voltage command vec-
tor;
generating, by the controller and based on the
calculated phase difference, a switching fre-
quency;
determining, by the controller and based on a
level of the voltage command vector and the cal-
culated phase difference, a first operating point
located in a dead band in which a current flowing
through a dc-link resistor of the controller is un-
detectable, and a second operating point locat-
ed at a boundary or outside of the dead band;
and
controlling, based on the generated switching
frequency and the first and second operating
points, operations of a plurality of switching el-
ements located in an inverter and configured to
output alternating current (AC) power to a motor.

12. The control method of claim 11, wherein an average
phase of a voltage vector corresponding to the first
operating point and a voltage vector corresponding
to the second operating point corresponds to a phase
of the first reference voltage vector.

13. The control method of claim 11, wherein the plurality
of reference voltage vectors are preset at predeter-
mined intervals on respective sides of a hexagon of
a voltage vector diagram.

14. The control method of claim 11, wherein generating
the switching frequency comprises:

calculating, based on the current flowing
through a dc-link resistor element, a phase cur-
rent flowing through the motor, wherein the dc-
link resistor element is located between a dc-
link capacitor storing direct current (DC) power
and the inverter;
calculating, based on the calculated phase cur-
rent, a rotation speed of the motor; and
generating, based on the calculated rotation
speed of the motor and the calculated phase
difference, the switching frequency.

15. The control method of claim 14, wherein generating
the switching frequency further comprises:

calculating, based on the calculated rotation
speed of the motor and the calculated phase
difference, a cycle variation, and
generating, based on a previous switching cycle
and the calculated cycle variation, the switching
frequency.

16. The control method of claim 13, wherein determining
the first and the second operation points includes
controlling the inverter according to a maximum volt-
age utilization rate by:
determining, based on a level of a voltage stored in
a dc-link capacitor of the controller and one of a plu-
rality of effective voltage vectors related to the first
reference voltage vector, the first operating point.

17. The control method of claim 16, wherein the first op-
erating point is located at a vertex of a hexagon of
the voltage vector diagram.

18. The control method of claim 17, wherein determining
the first and the second operation points comprises
determining, based on a minimum effective vector
application time, the second operating point that is
located at the boundary of the dead band.

19. The control method of claim 12, wherein, based on
a level of the voltage command being constant, a
ratio of time for detecting one of phase currents flow-
ing through the motor in a switching cycle equals a
time for detecting another one of the phase currents
flowing through the motor.

20. The control method of claim 14, further comprising:

calculating, by a phase-current detector of the
controller and based on the current flowing
through a dc-link resistor element of the control-
ler, the phase current flowing through the motor;
calculating, by a speed calculator of the control-
ler and based on the calculated phase current,
the rotation speed of the motor;
generating, by a current-command generator of
the controller and based on the calculated rota-
tion speed of the motor and a speed command
value, a current command value;
generating, by a voltage-command generator of
the controller and based on the current com-
mand value and the calculated phase current,
the voltage command;
generating, by a switching-frequency calculator
of the controller and based on the voltage com-
mand and the calculated rotation speed of the
motor, the switching frequency; and
outputting, by a switching-control-signal output
device of the controller and based on the gen-
erated switching frequency, a switching control
signal for driving the inverter.
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