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MOTOR DRIVING APPARATUS 

Technical Field 

The present invention relates to a motor driving apparatus, and more 

particularly, to a motor driving apparatus which selectively compensates in-phase 

5 overmodulation or minimum distance overmodulation depending on an instruction 

velocity when an output voltage instruction value of an inverter is an overmodulated 

voltage.  

Background Art 

Small-sized precise control motors are roughly classified into an alternating 

10 current (AC) motor, a direct current (DC) motor, a brushless DC (BLDC) motor, and 

a reluctance motor.  

Such small-sized motors have been used in many places such as an audio and 

visual (AV) device, a computer, a home appliance, housing facilities, industrial fields, 

and the like. Particularly, the field of home appliances forms the largest market of 

15 small-sized motors. Home appliances have gradually been improved to have high 

quality such that a small size, low noise, low power consumption, and the like of a 

driven motor are necessary.  

Among these, a BLDC motor is a motor without a brush and a commutator 

which basically does not have a mechanical frictional loss, a flame, or noises and is 

20 excellent in controlling a velocity or torque. Also, since a velocity is controlled 

without a loss and efficiency is high for a small-sized motor, such BLDC motors are 

generally used in home appliance products.  
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The BLDC motor may include an inverter providing three-phase AC voltages 

and a control unit controlling an output voltage of the inverter. Here, the control 

unit may control the inverter using a pulse width modulation (PWM) controlling 

method. In detail, the control unit may control the output voltage of the inverter 

5 using a space vector PWM (SVPWM). However, since a voltage supplied to a 

motor driving apparatus is restricted, a limitation may be present in a range of an 

output voltage capable of being linearly output.  

In order to overcome the limitation, the control unit may improve the output 

voltage and control performance using an overmodulation compensation method.  

10 As the overmodulation compensation method used in the control unit, there may be 

an in-phase overmodulation compensation method and a minimum distance 

overmodulation compensation method.  

When a motor driving apparatus uses the in-phase overmodulation 

compensation method, a voltage ripple and a harmonic wave may be minimized such 

15 that control performance may be increased. However, a level of output power is 

decreased. On the other hand, when the motor driving apparatus uses the minimum 

distance overmodulation compensation method, an error in an output voltage may be 

minimized but a voltage ripple and a harmonic wave increase.  

Accordingly, manufacturers have a difficulty of considering a trade-off 

20 relationship between the in-phase overmodulation compensation method and the 

minimum distance overmodulation compensation method while operating a motor 

driving apparatus.  
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It is desired to address or ameliorate one or more disadvantages or limitations 

associated with the prior art, provide a cleaning apparatus, or to at least provide the 

public with a useful alternative.  

Summary 

5 According to a first aspect, the present disclosure provides a motor driving 

apparatus comprising: 

an inverter configured to drive a motor using an alternating current (AC) 

voltage; and 

a control unit configured to control an operation of a switching element 

10 included in the inverter, 

wherein the control unit generates one of first and second compensation 

values which differ from each other according to an instruction velocity of the motor, 

compensates an output voltage instruction value vector used in controlling of the 

inverter using one of the first and second compensation values when the output 

15 voltage instruction value vector exceeds a predetermined space vector region, and 

outputs a PWM signal controlling the operation of the switch elements of the inverter, 

based on the compensated output voltage instruction value vector, 

wherein the control unit operates in one of a first mode and a second mode 

which differ from each other according to the instruction velocity of the motor, 

20 wherein in the first mode, when the instruction velocity is less than or equal 

to a predetermined velocity reference value, the first compensation value for 

reducing a size of the output voltage instruction value vector while maintaining a 

phase of the output voltage instruction value vector is generated, and 

wherein in the second mode when the instruction velocity is greater than the 

25 predetermined velocity reference value, the second compensation value for 

compensating the output voltage instruction value vector with a minimum distance 

point between the output voltage instruction value vector and the space vector region 

is generated.  

According to another aspect, the present disclosure provides a motor driving 
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apparatus comprising: 

a motor comprising a stator on which three-phase coils are wound and a 

rotor disposed in the stator and rotated by a magnetic field generated by the three

phase coils; 

5 an inverter comprising three-phase switch elements turned on to supply and 

off to cut off three-phase AC voltages to the three-phase coils; and 

a control unit configured to compensate an output voltage instruction value 

vector for driving of the motor using one of first and second compensation values 

which differ from each other according to an instruction velocity of the motor when 

10 the output voltage instruction value vector corresponds to an overmodulation voltage 

vector exceeding a predetermined space vector region and configured to control 

operations of the three-phase switch elements on the basis of the compensated output 

voltage instruction value vector, 

wherein the control unit generates one of first and second compensation 

15 values which differ from each other according to an instruction velocity of the motor, 

compensates an output voltage instruction value vector used in controlling of the 

inverter using one of the first and second compensation values when the output 

voltage instruction value vector exceeds a predetermined space vector region, and 

outputs a PWM signal controlling the operation of the switch elements of the inverter, 

20 based on the compensated output voltage instruction value vector, 

wherein the control unit operates in one of a first mode and a second mode 

which differ from each other according to the instruction velocity of the motor, 

wherein in the first mode, when the instruction velocity is less than or equal 

to a predetermined velocity reference value, the first compensation value for 

25 reducing a size of the output voltage instruction value vector while maintaining a 

phase of the output voltage instruction value vector is generated, and 

wherein in the second mode when the instruction velocity is greater than the 

predetermined velocity reference value, the second compensation value for 

compensating the output voltage instruction value vector with a minimum distance 

30 point between the output voltage instruction value vector and the space vector region 

is generated.  
4 
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According to another aspect, the present disclosure provides a motor driving 

apparatus comprising: 

an inverter configured to drive a motor using an alternating current (AC) 

voltage; and 

5 a control unit configured to control an operation of a switching element 

included in the inverter, 

wherein the control unit operates in one of a first mode and a second mode 

which differ from each other according to an instruction velocity when an output 

voltage instruction value vector used in controlling of the inverter exceeds a 

10 predetermined space vector region, 

wherein in the first mode, an in-phase overmodulation compensation of 

reducing a size of the output voltage instruction value vector while maintaining a 

phase of the output voltage instruction value vector is performed, and 

wherein in the second mode, a minimum distance overmodulation 

15 compensation of changing the output voltage instruction value vector with a 

minimum distance point between the output voltage instruction value vector and the 

space vector region is performed.  

According to another aspect, the present disclosure provides a motor driving 

apparatus comprising: 

20 a motor comprising a stator on which three-phase coils are wound and a 

rotor disposed in the stator and rotated by a magnetic field generated by the three

phase coils; 

an inverter comprising three-phase switch elements turned on to supply and 

off to cut off three-phase AC voltages to the three-phase coils; and 

25 a control unit configured to compensate an output voltage instruction value 

vector for driving of the motor using one of first and second compensation 

values which differ from each other according to an instruction velocity of 

the motor when the output voltage instruction value vector corresponds to 

an overmodulation voltage vector exceeding a predetermined space vector 

30 region and configured to control operations of the three-phase switch 
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elements on the basis of the compensated output voltage instruction value 

vector.  

The following embodiments may relate to any of the above aspects.  

In some embodiments the control unit operates in the first mode when the 

5 instruction velocity is less than or equal to a predetermined velocity reference value 

and operates in the second mode when the instruction velocity is greater than the 

predetermined velocity reference value.  

In some embodiments the control unit operates in the first mode when the 

instruction velocity is less than or equal to a current velocity of the motor measured 

10 by the control unit and operates in the second mode when the instruction velocity is 

greater than the current velocity of the motor measured by the control unit.  

In some embodiments the control unit comprises: 

a voltage instruction generation portion configured to generate a first voltage 

instruction value; 

15 a torque instruction generation portion configured to generate a torque 

instruction value on the basis of the current velocity of the motor and the instruction 

velocity; 

a power instruction generation portion configured to calculate an output 

power instruction value on the basis of the torque instruction value and an input 

20 terminal voltage of the inverter; and 

a power controller configured to generate a compensation voltage instruction 

value on the basis of the output power instruction value and the first voltage 

instruction value, and 

wherein a vector of the output voltage instruction value is a sum of a vector 

25 of the first voltage instruction value and a vector of the compensation voltage 

instruction value.  

In some embodiments the control unit operates in the first mode when the 

output power instruction value is less than or equal to a predetermined output power 
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reference value and operates in the second mode when the output power instruction 

value is greater than the predetermined output power reference value.  

In some embodiments the rotational velocity of the motor in the second 

mode is higher than a rotational velocity of the motor in the first mode.  

5 In some embodiments the output voltage instruction value vector is located 

on a boundary of the space vector region, and 

wherein a size of the output voltage instruction value vector in the second 

mode is greater than or equal to a size of the output voltage instruction value vector 

in the first mode.  

10 In some embodiments the output voltage instruction value vector is located 

in the space vector region, the control unit does not perform an operation of the in

phase overmodulation compensation or an operation of the minimum distance 

overmodulation compensation.  

In some embodiments the first mode or the second mode, overmodulation 

15 compensation is performed so that a maximum point maintenance time is to be equal 

to a minimum point maintenance time at a terminal voltage waveform output from 

the inverter to the motor.  

In some embodiments a maximum point maintenance time or a minimum 

point maintenance time of the terminal voltage waveform measured in the second 

20 mode is formed to be greater than a maximum point maintenance time or a minimum 

point maintenance time of the terminal voltage waveform measured in the first mode.  

In some embodiments a duty-ratio of the terminal voltage waveform 

measured in the second mode is formed to be greater than a duty-ratio of the terminal 

voltage waveform measured in the first mode.  

25 In some embodiments the control unit operates in the second mode when the 

current velocity of the motor or an instruction velocity is higher than or equal to 80 

krpm.  
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In some embodiments the motor driving apparatus of claim 13, wherein the 

control unit operates in one of the first and second modes which differ from each 

other according to the instruction velocity of the motor, and 

wherein in the first mode, the first compensation value for reducing a size of 

5 the output voltage instruction value vector while maintaining a phase of the output 

voltage instruction value vector is generated, and 

wherein in the second mode, the second compensation value for 

compensating the output voltage instruction value vector with a minimum distance 

point between the output voltage instruction value vector and the space vector region 

10 is generated.  

In some embodiments the control unit operates in the first mode when the 

instruction velocity is less than or equal to a predetermined velocity reference value 

and operates in the second mode when the instruction velocity is greater than the 

predetermined velocity reference value.  

15 In some embodiments the control unit operates in the first mode when the 

instruction velocity is less than or equal to a current velocity of the motor measured 

by the control unit and operates in the second mode when the instruction velocity is 

greater than the current velocity of the motor measured by the control unit.  

In some embodiments the control unit comprises: 

20 a voltage instruction generation portion configured to generate a first voltage 

instruction value; 

a torque instruction generation portion configured to generate a torque 

instruction value on the basis of the current velocity of the motor and an instruction 

velocity; 

25 a power instruction generation portion configured to calculate an output 

power instruction value on the basis of the torque instruction value and an input 

terminal voltage of the inverter; and 
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a power controller configured to generate a compensation voltage instruction 

value on the basis of the output power instruction value and the first voltage 

instruction value, and 

wherein a vector of the output voltage instruction value is a sum of a vector 

5 of the first voltage instruction value and a vector of the compensation voltage 

instruction value.  

In some embodiments the control unit operates in the first mode when the 

output power instruction value is less than or equal to a predetermined output power 

reference value and operates in the second mode when the output power instruction 

10 value is greater than the predetermined output power reference value.  

In some embodiments the control unit comprises: 

a position estimation portion configured to estimate an electrical degree 

position of the rotor by detecting currents and voltages from the three-phase coils; 

a velocity calculation portion configured to calculate a current velocity of the 

15 rotor on the basis of the electrical degree position of the rotor and the voltages; 

an instruction value generation portion configured to generate a current 

instruction value calculated on the basis of the current velocity and a target 

instruction value and to generate a voltage instruction value calculated on the basis of 

the current instruction value and the currents; and 

20 a signal generation portion configured to calculate an output voltage 

instruction value on the basis of the voltage instruction value and the electrical 

degree position and to operate in the first mode or second mode of compensating the 

output voltage instruction value.  

In some embodiments the control unit operates in the second mode when the 

25 current velocity of the motor or the instruction velocity is higher than or equal to 80 

krpm.  
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In addition to the above effects, detailed effects of the present invention will 

be disclosed in the following detailed description for implementing the present 

invention.  

Brief Description of the Drawings 

5 FIG. 1 is a block diagram of a motor driving apparatus according to one 

embodiment of the present disclosure.  

FIG. 2 is a block diagram illustrating elements of a control unit of FIG. 1.  

FIG. 3 is a circuit diagram illustrating an inverter of FIG. 1.  

FIG. 4 is a view illustrating a space vector-based pulse width modulation 

10 method.  

FIGS. 5 and 6 are views illustrating an in-phase overmodulation 

compensation method.  

FIGS. 7 and 8 are views illustrating a minimum distance overmodulation 

compensation method.  

15 FIGS. 9 and 10 are views illustrating a method of generating, by the control 

unit of FIG. 1, a voltage compensation instruction value.  

FIG. 11 is a flowchart illustrating a method of operating a motor driving 

apparatus according to one embodiment of the present disclosure.  

FIG. 12 is a flowchart illustrating a method of operating a motor driving 

20 apparatus according to another embodiment of the present disclosure.  

FIG. 13 is a flowchart illustrating a method of operating a motor driving 

apparatus according to still another embodiment of the present disclosure.  
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FIGS. 14 to 16 are views illustrating terminal voltage waveforms according 

to overmodulation compensation of the motor driving apparatus according to some 

embodiments of the present disclosure.  

Description 

5 The present disclosure is directed to providing a motor driving apparatus 

capable of increasing control performance using an in-phase overmodulation 

compensation method when an output voltage instruction value used for controlling 

of an inverter is relatively small and capable of implementing high power using a 

minimum distance overmodulation compensation method when the output voltage 

10 instruction value is relatively great.  

One aspect of the present disclosure provides a motor driving apparatus 

including an inverter which drives a motor using an alternating current (AC) voltage 

and a control unit which controls an operation of switching elements included in the 

inverter. Here, when an output voltage instruction value vector used in controlling 

15 of the inverter exceeds a predetermined space vector region, the control unit operates 

in one of first and second modes which differ from each other according to an 

instruction velocity. Here, the control unit in the first mode performs an in-phase 

overmodulation compensation operation of reducing a size of the output voltage 

instruction value vector while maintaining a phase of the output voltage instruction 

20 value vector. On the other hand, the control unit in the second mode performs a 

minimum distance overmodulation compensation operation of changing the output 

voltage instruction value vector with a minimum distance point between the output 

voltage instruction value vector and the space vector region.  

11 
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A motor driving apparatus according to the present disclosure may improve 

control performance by reducing a voltage ripple and a harmonic wave using an in

phase overmodulation compensation method when an output voltage instruction 

value of an inverter enters an overmodulation region. On the other hand, when it is 

5 necessary to operate the motor driving apparatus at a relatively high speed, an 

average output voltage is increased using a minimum distance overmodulation 

compensation method such that the motor driving apparatus may be enabled to be 

driven at a high speed. Consequently, the motor driving apparatus may improve 

stability in operation and secure high power necessary for high-speed operation by 

10 selecting the most efficient overmodulation compensation method depending on a 

situation.  

The advantages and features of the present disclosure and a method of 

achieving the same will become clear with reference to the attached drawings and 

following embodiments which will be described below in detail. However, the 

15 present disclosure is not limited to the embodiments which will be described below 

and may be implemented as a variety of different shapes. It should be noted that the 

embodiments are provided merely for completing the disclosure of the present 

disclosure and allowing one of ordinary skill in the art to understand the complete 

scope of the present disclosure and the present disclosure will be defined by the 

20 claims. Throughout the specification, like reference numerals refer to like elements.  

Unless defined otherwise, the terms (including technical and scientific terms) 

used herein may be used as meanings capable of being commonly understood by one 
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of ordinary skill in the art. Also, terms defined in generally used dictionaries, 

unless defined particularly, are not to be ideally or excessively construed.  

Hereinafter, motor driving apparatuses according to some embodiments of 

the present disclosure will be described with reference to FIGS. 1 to 16.  

5 FIG. 1 is a block diagram of a motor driving apparatus according to one 

embodiment of the present disclosure.  

Referring to FIG. 1, a motor driving apparatus according to one embodiment 

of the present disclosure may include a motor 110, an inverter 120, and a control unit 

130.  

10 The motor 110 may include a stator on which a three-phase coil (not shown) 

are wound and a rotor which is disposed in the stator and rotates due to a magnetic 

field generated by the three-phase coil. When three-phase alternating current (AC) 

voltages Vua, Vvb, and Vwc are supplied from the inverter 120 to the three-phase 

coil, a permanent magnet included in a rotor rotates according to a magnetic field 

15 generated by the three-phase coil in the motor 110. However, the present disclosure 

is not limited to a three-phase motor operated by the three-phase coil and, for 

example, may further include a single-phase motor using a single-phase coil.  

Hereinafter, the features of the present disclosure will be described on the basis of 

the three-phase motor.  

20 The motor 110 may include an induction motor, a brushless direct current 

(BLDC) motor, a reluctance motor, and the like. For example, the motor 110 may 

include a surface-mounted permanent magnet synchronous motor (SMPMSM), an 
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interior permanent magnet synchronous motor (IPMSM), a synchronous reluctance 

motor (SynRM), and the like.  

The inverter 120 may include three-phase switch elements (not shown).  

When an operation control signal (hereinafter, referred to as a pulse width 

5 modulation (PWM) signal) supplied from the control unit 130 is input, the three

phase switch elements may convert an input DC voltage Vdc into three-phase AC 

voltages Vua, Vvb, and Vwc by switching on and off and provide the three-phase 

AC voltages Vua, Vvb, and Vwc to the three-phase coil. The three-phase switch 

elements will be described below in detail.  

10 When a target instruction value is input, the control unit 130 may output a 

PWM signal PWMS which determines an on-time section with respect to an on 

operation and an off-time section with respect to an off operation of each of the 

three-phase switch elements on the basis of a target instruction value and an 

electrical degree position of the rotor.  

15 The motor driving apparatus may further include an input current detection 

portion A, a DC terminal voltage detection portion B, a DC terminal capacitor C, an 

electric motor current detection portion E, an input voltage detection portion F, and 

inductors Li and L2. However, the present disclosure is not limited thereto and 

some of the above elements may be omitted.  

20 The input current detection portion A may detect an input current ig input 

from a commercial AC power source 101. To this end, as the input current 

detection portion A, a current transformer (CT), a shunt resistor, and the like may be 

14 

87255685.1



used. The detected input current ig is a pulse-formed discrete signal and may be 

input to the control unit 130 to control power.  

The input voltage detection portion F may detect an input voltage vg input 

from the commercial AC power source 101. To this end, the input voltage 

5 detection portion F may include a resistor element, an amplifier, and the like. The 

detected input voltage vg is a pulse-formed discrete signal that may be input to the 

control unit 130 to control power.  

The inductors LI and L2 may be disposed between the commercial AC 

power source 101 and a rectifier 105 and perform operations such as noise removal 

10 and the like.  

The rectifier 105 rectifies and outputs power of the commercial AC power 

source 101 passing through the inductors Li and L2. For example, the rectifier 105 

may include a full-bridge diode with four connected diodes but a variety of 

modifications are applicable.  

15 The capacitor C stores input power. In the drawings, as the DC terminal 

capacitor C, one element is exemplified but a plurality of elements may be provided 

to secure element stability.  

The DC terminal voltage detection portion B may detect DC terminal voltage 

Vdc which is present both ends of the capacitor C. To this end, the DC terminal 

20 voltage detection portion B may include a resistor element, an amplifier, and the like.  

The detected DC terminal voltage Vde is a pulse-formed discrete signal and may be 

input to the control unit 130 to generate the PWM signal PWMS.  

15 
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The electrical motor current detection portion E detects an output current io 

flowing between the inverter 120 and the three-phase motor 110. That is, a current 

flowing through the three-phase motor 110 is detected. The electrical motor current 

detection portion E may detect all of output currents ia, ib, and ic of phases or may 

5 detect output currents of two phases using three-phase balance.  

The electrical motor current detection portion E may be located between the 

inverter 120 and the three-phase motor 110, and a CT, a shunt resistor, and the like 

may be used to detect currents.  

Accordingly, the control unit 130 may control an operation of the inverter 

10 120 using the input current ig detected by the input current detection portion A, the 

input voltage vg detected by the input voltage detection portion F, the DC terminal 

voltage Vdc detected by the DC terminal voltage detection portion B, and the output 

current io detected by the electrical motor current detection portion E.  

The detected output current io is a pulse-formed discrete signal that may be 

15 applied to the control unit 130 so that the PWM signal PWMS is generated on the 

basis of the detected output current io. Hereinafter, it is assumed that the detected 

output current io is three-phase currents ia, ib, and ic.  

FIG. 2 is a block diagram illustrating elements of the control unit of FIG. 1.  

Referring to FIG. 2, the control unit 130 may include a three-phase/two-phase 

20 axis conversion portion 210, a position estimation portion 220, a velocity calculation 

portion 230, an instruction value generation portion 240, a two-phase/three-phase 

axis conversion portion 250, and a signal generation portion (hereinafter, referred to 

as a PWM generation portion) 260.  
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The three-phase/two-phase axis conversion portion 210 receives the three

phase currents ia, ib, and ic output from the motor 110 and converts the three-phase 

currents ia, ib, and ic into two-phase currents ia and ip in a stationary reference 

frame.  

5 Meanwhile, the three-phase/two-phase axis conversion portion 210 may 

convert the two-phase currents ia and ip in a stationary reference frame into two

phase currents id and iq in a rotating reference frame.  

The position estimation portion 220 may detect at least one of the three-phase 

currents ia, ib, and ic and three-phase voltages Va, Vb, and Vc and estimate a 

10 position H of the rotor included in the motor 110.  

The velocity calculation portion 230 may calculate a current velocity oC of 

the rotor on the basis of the position H estimated by the position estimation portion 

220 and at least one of the three-phase voltages Va, Vb, and Vc. That is, the 

velocity calculation portion 230 may calculate the current velocity oC by dividing 

15 the position H by time.  

Also, the velocity calculation portion 230 may output an electrical degree 

position OAr and the current velocity o r which are calculated on the basis of the 

position H.  

The instruction value generation portion 240 may include a current 

20 instruction generation portion 242 and a voltage instruction generation portion 244.  

The current instruction generation portion 242 calculates a velocity 

instruction value O*r on the basis of the calculated current velocity o r and an 

instruction velocity or corresponding to an input target instruction value.  
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Then, the current instruction generation portion 242 generates a current 

instruction value i*q on the basis of the velocity instruction value O*r.  

For example, the current instruction generation portion 242 may generate the 

current instruction value i*q on the basis of the velocity instruction value O*r that is a 

5 difference between the current velocity o, and an instruction velocity or while a PI 

controller 243 performs PI control. The current instruction generation portion 242 

may also generate a d-axis current instruction value i*d while a q-axis current 

instruction value i*q is generated. Meanwhile, a value of the d-axis current 

instruction value i*d may be set as 0.  

10 Also, the current instruction generation portion 242 may further include a 

limiter (not shown) which restricts a level of the current instruction value i*q from 

exceeding an allowable range.  

The voltage instruction generation portion 244 generates d-axis and q-axis 

voltage instruction values v*d and v*q on the basis of d-axis and q-axis currents id and 

15 ig which are axis-converted into a rotating reference frame and the current instruction 

values i*d and i*q generated by the current instruction generation portion 242.  

For example, the voltage instruction generation portion 244 may generate the 

q-axis voltage instruction value v*q on the basis of a difference between a q-axis 

current iq and the q-axis current instruction value i*q while the PI controller 245 

20 performs PI control.  

Also, the voltage instruction generation portion 244 may generate the d-axis 

voltage instruction value v*d on the basis of a difference between a d-axis current id 
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and the d-axis current instruction value i*d while the PI controller 246 performs PI 

control.  

Meanwhile, a value of the d-axis voltage instruction value v*d may be set as 0 

corresponding to a case in which a value of the d-axis current instruction value i*d is 

5 set as 0.  

Meanwhile, the voltage instruction generation portion 244 may further 

include a limiter (not shown) which restricts levels of the d-axis and q-axis voltage 

instruction values v*d andv*qfrom exceeding allowable ranges.  

Meanwhile, the generated d-axis and q-axis voltage instruction values v*d and 

10 v*qare input to the two-phase/three-phase axis conversion portion 250.  

The two-phase/three-phase axis conversion portion 250 receives the electrical 

degree position 0^r calculated by the velocity calculation portion 230 and the d-axis 

and q-axis voltage instruction values v*d andv*qand performs axial conversion.  

First, the two-phase/three-phase axis conversion portion 250 performs 

15 conversion from a two-phase rotating reference frame into a two-phase stationary 

reference frame. Here, the electrical degree position 0r calculated by the velocity 

calculation portion 230 may be used.  

First, the two-phase/three-phase axis conversion portion 250 performs 

conversion from a two-phase rotating reference frame into a two-phase stationary 

20 reference frame. Through the conversion, the two-phase/three-phase axis 

conversion portion 250 outputs three-phase output voltage instruction values v*a, v*b, 

and v*c.  

19 

87255685.1



The PWM generation portion 260 generates and outputs a PWM signal 

PWMS for an inverter according to a PWM method on the basis of the three-phase 

output voltage instruction values v*a, v*b, and v*c.  

The PWM signal PWMS may be converted into a gate driving signal at a gate 

5 driving portion (not shown) and be input to gates of three-phase elements in the 

inverter 120. Accordingly, the three-phase switching elements in the inverter 120 

are enabled to perform a switching operation.  

Here, the PWM generation portion 260 may control the switching operation 

of the three-phase switch elements by varying an on-time section and an off-time 

10 section of the PWM signal PWMS on the basis of the electrical degree position 0r 

and three-phase voltages Va, Vb, and Vc.  

In the PWM generation portion 260, a plurality of algorithms are set for 

generating the PWM signal PWMS. The PWM generation portion 260 may 

generate an output voltage instruction value vector on the basis of three-phase output 

15 voltage instruction values v*a, v*b, and v*c. The PWM generation portion 260 may 

control an output voltage of the inverter 120 using a space vector PWM (SVPWM).  

Here, the PWM generation portion 260 determines whether the output voltage 

instruction value vector corresponds to an overmodulated voltage by comparing a 

space vector region with the output voltage instruction value vector. In detail, the 

20 PWM generation portion 260 determines whether the output voltage instruction 

value vector exceeds a predetermined space vector region.  

Subsequently, the PWM generation portion 260 may operate in a first mode 

or a second mode which are different from each other according to an input 
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instruction velocity or when an output voltage instruction value corresponds to the 

overmodulated voltage.  

Here, in the first mode, the PWM generation portion 260 performs an in

phase overmodulation compensation operation of reducing a size of the output 

5 voltage instruction value vector while maintaining a phase of the output voltage 

instruction value vector. On the other hand, in the second mode, the PWM 

generation portion 260 performs a minimum distance overmodulation compensation 

operation of changing the output voltage instruction value vector with a minimum 

distance point between the output voltage instruction value vector and the space 

10 vector region.  

For example, the PWM generation portion 260 may compare the instruction 

velocity or and a velocity reference value r limit and operate in the first mode when 

the instruction velocity or is less than or equal to the velocity reference value or limit 

and may operate in the second mode when the instruction velocity or is greater than 

15 the velocity reference value or limit. However, the present disclosure is not limited 

thereto, and a detailed description will be set forth below.  

FIG. 3 is a circuit diagram illustrating the inverter of FIG. 1.  

Referring to FIG. 3, the inverter 120 according to one embodiment of the 

present disclosure may include three-phase switch elements and may convert a DC 

20 voltage Vdc input by switching on and off according to the PWM signal PWMS 

supplied from the control unit 130 into three-phase AC voltages Vua, Vvb, and Vwc 

having certain frequencies or duties and output the three-phase AC voltages Vua, 

Vvb, and Vwc to the motor 110.  
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In the three-phase switch elements, first to third upper arm switches Sa, Sb, 

and Sc and first to third lower arm switches S'a, S'b, and S'c, which are connected in 

series, may form three pairs, and a total of three pairs of first to third upper arm 

switches and first to third lower arm switches Sa&S'a, Sb&S'b, and Sc&S'c may be 

5 connected in parallel.  

That is, a first pair of upper and lower arm switches Sa and S'a supplies a 

first-phase AC voltage Vua among three-phase AC voltages Vua, Vvb, and Vwc to a 

first-phase coil La among three-phase coils La, Lb, and Lc of the motor 110.  

Also, a second pair of upper and lower arm switches Sb and S'b may supply a 

10 second-phase AC voltage Vvb to a second-phase coil Lb, and a third pair of upper 

and lower arm switches Sc and S'c may supply a third-phase AC voltage Vwc to a 

third-phase coil Lc.  

Here, each of the first to third upper arm switches Sa, Sb, and Sc and the first 

to third lower arm switches S'a, S'b, and S'b are turned on and off once for each 

15 rotation of the rotor according to the input PWM signal PWMS to supply the three

phase AC voltages Vua, Vvb, and Vwc to the three-phase coils La, Lb, and Lc, 

respectively, so as to control the operation of the motor 110.  

FIG. 4 is a view illustrating a space vector-based pulse width modulation 

method. FIGS. 5 and 6 are views illustrating an in-phase overmodulation 

20 compensation method. FIGS. 7 and 8 are views illustrating a minimum distance 

overmodulation compensation method.  

Referring to FIG. 4, in a space vector region 310, an a axis, a b axis, and a c 

axis indicate vector components (1,0,0), (0,1,0), and (0,0,1) corresponding to three 
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phases of the motor. The motor driving apparatus of the present disclosure may 

perform a pulse width modulation method using the space vector region 310.  

The inverter 120 may provide an output voltage to the motor 110 on the basis 

of the output voltage instruction value vector provided by the control unit 130.  

5 Accordingly, the output voltage output by the inverter 120 may vary according to the 

output voltage instruction value vector provided by the control unit 130.  

The output voltage output by the inverter 120 may be output in the space 

vector region 310 having a hexagonal shape. A voltage exceeding the space vector 

region, that is, a voltage exceeding a voltage capable of being output by the inverter 

10 120, may be referred to as an overmodulated voltage. The control unit 130 may 

perform the overmodulation compensation method to allow the output voltage 

instruction value vector to be located within the space vector region.  

As the overmodulation compensation method, an in-phase overmodulation 

compensation method or a minimum distance overmodulation compensation method 

15 may be used.  

First, referring to FIGS. 5 and 6, the in-phase overmodulation compensation 

method means a method of reducing a size of a vector while maintaining the same 

phase with respect to an overmodulation vector V-ref based on a first voltage vector 

VI and a second voltage vector V2.  

20 Accordingly, the inverter 120 outputs, with respect to the overmodulation 

vector V_ref, a maximum voltage capable of being output, that is, a voltage 

corresponding to a boundary point P1 of the space vector region 310 as a valid vector 

V_new.  
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The in-phase overmodulation compensation method may relatively minimize 

a voltage ripple and a harmonic wave in comparison to the minimum distance 

overmodulation compensation method such that control performance of the motor 

driving apparatus may be increased.  

5 However, since the in-phase overmodulation compensation method 

determines the valid vector V_ref in consideration of only the output voltage among 

factors related to output power of the inverter 120, the output power of the inverter 

120 may not be precisely controlled. Accordingly, the output power output by the 

inverter 120 may be distorted and a level of the output power may decrease.  

10 On the other hand, referring to FIGS. 7 and 8, the minimum distance 

overmodulation compensation method means a method of setting a minimum 

distance point P2 between an overmodulation vector V_ref and the space vector 

region 310 as an output voltage instruction value vector with respect to the 

overmodulation vector V_ref based on the first voltage vector VI and the second 

15 voltage vector V2.  

Accordingly, the inverter 120 outputs, with respect to the overmodulation 

vector V_ref, a maximum voltage capable of being output, that is, a voltage 

corresponding to a boundary point P2 of the space vector region 310 as a valid vector 

V_new.  

20 However, in the case of the minimum distance overmodulation compensation 

method, although there is a phase difference between the overmodulation vector V

ref and the valid vector V_new, an error of a level of the output voltage may be 

minimized. Accordingly, when the minimum distance overmodulation 
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compensation method is used, a driving velocity of the motor 110 may be improved, 

and the motor 110 may be operated with high RPM by increasing an average output 

voltage.  

However, in the case of the minimum distance overmodulation compensation 

5 method, since a difference occurs in phase in comparison to an output voltage before 

the algorithm is applied, there are disadvantages such as an increase in a voltage 

ripple and an increase in a harmonic wave.  

FIGS. 9 and 10 are views illustrating a method of generating, by the control 

unit of FIG. 1, a voltage compensation instruction value.  

10 Referring to FIGS. 9 and 10, the control unit 130 may include a torque 

instruction generation portion 510, a power instruction generation portion 520, a 

power controller 525, a current instruction generation portion 530, a voltage 

instruction generation portion 540, an adder 555, and a switching control signal 

output portion 560. Meanwhile, the components described above with reference to 

15 FIG. 2 may be further included. Hereafter, units illustrated in FIG. 9 will be mainly 

described.  

The torque instruction generation portion 510 may output a torque instruction 

value T* for rotating the motor 110 on the basis of a current velocity o ,and a 

velocity instruction value o*r. Particularly, the torque instruction generation portion 

20 510 may output an average torque instruction value. Meanwhile, the current 

velocity o ,may be calculated on the basis of the output current io described above 

as flowing through the electrical motor 150 or the position H.  
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The current instruction generation portion 530 may generate a current 

instruction value I* on the basis of the torque instruction value T*. Here, the current 

instruction value 1* may have a meaning including a d-axis current instruction value 

and a q-axis current instruction value of a stationary reference frame.  

5 The voltage instruction generation portion 540 may generate a first voltage 

instruction value V*i on the basis of the current instruction value I* and an output 

current actually flowing through the electrical motor. Here, the first voltage 

instruction value V*i may have a meaning including a d-axis voltage instruction 

value and a q-axis voltage instruction value of a stationary reference frame.  

10 Meanwhile, the power instruction generation portion 520 generates and 

outputs an output power instruction value P* on the basis of an input voltage Vg, the 

torque instruction value T*, the current velocity o, and a DC terminal voltage Vde 

detected by the DC terminal voltage detection portion.  

Subsequently, the power controller 525 may control power on the basis of the 

15 output power instruction value P* input by the inverter. That is, the power 

controller 525 may generate a second voltage instruction value V*2 on the basis of 

the inverter output power instruction value P*. Here, the second voltage instruction 

value V*2 is a compensation voltage instruction value for compensating the first 

voltage instruction value V*i.  

20 The adder 555 adds and outputs the first voltage instruction value V*i and the 

second voltage instruction value V*2.  

That is, as a third voltage instruction value, an output voltage instruction 

value V*3 (for example, an output voltage instruction value vector) is output.  
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Accordingly, the third voltage instruction value V*3 (that is, an output voltage 

instruction value vector after compensation) may be calculated by a sum of the first 

voltage instruction value V*i (that is, an output voltage instruction value vector 

before compensation) and the second voltage instruction value V*2 (that is, a 

5 compensation voltage instruction value vector).  

Subsequently, the PWM generation portion 560 generates and outputs a 

PWM signal (PWMS) on the basis of the third voltage instruction value V*3. The 

PWM generation portion 560 may operate substantially equally to the PWM 

generation portion 260 described above with reference to FIG. 2.  

10 Additionally, a level of inverter power Pinv in the present disclosure may be 

determined using an inner product of an output current vector () and an output 

voltage instruction value vector of the motor. Accordingly, in order to obtain the 

inverter power Pinv, the output current instruction value vector or the output voltage 

instruction value vector may be adjusted.  

15 A method of adjusting the output voltage instruction value vector among 

these may not quickly follow up the output power instruction value P* due to a delay 

occurring in the voltage instruction generation portion 540.  

Accordingly, although not shown in the drawings, in another embodiment of 

the present disclosure, a method of compensating the output voltage instruction value 

20 vector may be determined using the output power instruction value P*. In detail, 

the PWM generation portion 560 may receive the output power instruction value P*, 

compare the output power instruction value P* with an output power reference value 

P_limit, and determine which mode the control unit 130 operates in among the 
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above-described first mode or second mode. A detailed description thereof will be 

set forth.  

FIG. 11 is a flowchart illustrating a method of operating the motor driving 

apparatus according to one embodiment of the present disclosure.  

5 Referring to FIG. 11, the control unit 130 of the motor driving apparatus 

according to one embodiment of the present disclosure receives an instruction 

velocity or (SI10).  

Subsequently, the control unit 130 compares the instruction velocity 0r with a 

predetermined velocity reference value orlimit (S120).  

10 Subsequently, the control unit 130 operates using an in-phase overmodulation 

compensation method when the instruction velocity or is less than or equal to the 

velocity reference value limit (S130). That is, when the output voltage instruction 

value vector provided to the inverter 120 corresponds to an overmodulation vector 

exceeding a space vector region, the control unit 130 performs compensation of 

15 reducing a size of the vector while maintaining the same phase with respect to the 

overmodulation vector.  

Through this, the output voltage instruction value vector may be changed to 

be located on a boundary of the space vector region and a voltage ripple and a 

harmonic wave of an output voltage output by the inverter 120 may be minimized 

20 such that control performance of the motor driving apparatus may be increased.  

On the other hand, the control unit 130 operates using a minimum distance 

overmodulation compensation method when the instruction velocity r is greater 

than the velocity reference value rolimit (S140). That is, when the output voltage 
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instruction value vector provided to the inverter 120 corresponds to the 

overmodulation vector exceeding the space vector region, the control unit 130 

performs compensation of changing the output voltage instruction value vector with 

a minimum distance point between the output voltage instruction value vector and 

5 the space vector region.  

Through this, the output voltage instruction value vector may be changed to 

be located on the boundary of the space vector region while a level of the output 

voltage may be increased. Accordingly, a mean of the output voltage output by the 

inverter 120 increases. Accordingly, a level of output power of the inverter 120 

10 may increase and an operation velocity of the motor driving apparatus may increase.  

Subsequently, the control unit 130 determines whether a stop instruction is 

received (S150). When the stop instruction is received, an operation of the motor 

driving apparatus is stopped. Otherwise, the control unit 130 repetitively performs 

the above-described operations S110 to S140.  

15 That is, the motor driving apparatus according to one embodiment of the 

present disclosure compares the instruction velocity r with the velocity reference 

value or limit and operates in the first mode of performing the in-phase 

overmodulation compensation when the instruction velocity or is less than or equal 

to the velocity reference value r limit. On the other hand, when the instruction 

20 velocity or is greater than the velocity reference value or limit, the motor driving 

apparatus operates in the second mode of performing the minimum distance 

overmodulation compensation. That is, the motor driving apparatus of the present 

disclosure reduces a ripple and a harmonic wave of a voltage through the in-phase 
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overmodulation compensation method in controlling an operation at low velocity 

while the minimum distance overmodulation compensation method which needs a 

quick response property is used in controlling an operation at high velocity.  

Accordingly, a rotation velocity of the motor 110 in the second mode may be 

5 greater than the rotation velocity of the motor 110 in the first mode. Also, a size of 

the output voltage instruction value vector in the second mode may be greater than or 

equal to a size of the output voltage instruction value vector in the first mode.  

On the other hand, when the output voltage instruction value vector is located 

within the space vector region (that is, the output voltage instruction value vector is 

10 not an overmodulation vector), the control unit 130 may not perform the in-phase 

overmodulation compensation operation or the minimum distance overmodulation 

compensation operation.  

FIG. 12 is a flowchart illustrating a method of operating the motor driving 

apparatus according to another embodiment of the present disclosure. For 

15 convenience of description, hereafter, a repetitive description of the same content as 

that of the above-described embodiment will be omitted and differences 

therebetween will be mainly described.  

Referring to FIG. 12, in the motor driving apparatus according to another 

embodiment of the present disclosure, the PWM generation portion 260 of the 

20 control unit 130 receives an instruction velocity or and a current velocity o ,of the 

rotor included in the motor 110 (S210). The current velocity o r of the rotor may be 

calculated by the control unit 130, and a detailed description thereof which has 

already been described above will be omitted hereafter.  
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Subsequently, the control unit 130 compares the instruction velocity 0r with 

the current velocity o, (S220).  

Subsequently, the control unit 130 operates using an in-phase overmodulation 

compensation method when the instruction velocity or is less than or equal to the 

5 current velocity or (S230).  

Through this, the output voltage instruction value vector may be changed to 

be located on a boundary of the space vector region and a voltage ripple and a 

harmonic wave of an output voltage output by the inverter 120 may be minimized 

such that control performance of the motor driving apparatus may be increased.  

10 On the other hand, the control unit 130 operates using a minimum distance 

overmodulation compensation method when the instruction velocity or is greater 

than the current velocity o r (S240).  

Through this, the output voltage instruction value vector may be changed to 

be located on the boundary of the space vector region while a level of the output 

15 voltage may be increased. Accordingly, a mean of the output voltage output by the 

inverter 120 increases. Accordingly, a level of output power of the inverter 120 

may increase and an operation velocity of the motor driving apparatus may increase.  

Subsequently, the control unit 130 determines whether a stop instruction is 

received (S250). When the stop instruction is received, an operation of the motor 

20 driving apparatus is stopped. Otherwise, the control unit 130 repetitively performs 

the above-described operations S210 to S240.  

That is, the motor driving apparatus according to another embodiment of the 

present disclosure compares the instruction velocity or with the current velocity o¾r 
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and operates in the first mode of performing the in-phase overmodulation 

compensation when the instruction velocity o, is less than or equal to the current 

velocity cor. On the other hand, when the instruction velocity o is greater than the 

current velocity or, the motor driving apparatus operates in the second mode of 

5 performing the minimum distance overmodulation compensation. That is, since 

high voltage output and a quick response property are necessary when the instruction 

velocity or is greater than the current velocity Or, the motor driving apparatus of the 

present disclosure may use the minimum distance overmodulation compensation 

method. In other cases, the in-phase overmodulation compensation method may be 

10 used. However, the present disclosure is not limited thereto.  

FIG. 13 is a flowchart illustrating a method of operating the motor driving 

apparatus according to still another embodiment of the present disclosure. For 

convenience of description, hereafter, a repetitive description of the same content as 

that of the above-described embodiments will be omitted and differences 

15 therebetween will be mainly described.  

Referring to FIG. 13, in the motor driving apparatus according to still another 

embodiment of the present disclosure, the PWM generation portion 260 of the 

control unit 130 receives an output power instruction value P* (S310). A detailed 

description thereof which has already been described above will be omitted hereafter.  

20 Subsequently, the control unit 130 compares the output power instruction 

value P* with an output power reference value P_limit (S320).  

32 

87255685.1



Subsequently, the control unit 130 operates using an in-phase overmodulation 

compensation method when the output power instruction value P* is less than or 

equal to the output power reference value P_limit (S330).  

Through this, a voltage ripple and a harmonic wave of an output voltage 

5 output by the inverter 120 may be minimized such that control performance of the 

motor driving apparatus may be increased.  

On the other hand, the control unit 130 operates using a minimum distance 

overmodulation compensation method when the output power instruction value P* is 

greater than the output power reference value P_limit (S340).  

10 Through this, a mean of the output voltage output by the inverter 120 

increases. Accordingly, a level of output power of the inverter 120 may increase 

and an operation velocity of the motor driving apparatus may increase.  

Subsequently, the control unit 130 determines whether a stop instruction is 

received (S350). When the stop instruction is received, an operation of the motor 

15 driving apparatus is stopped. Otherwise, the control unit 130 repetitively performs 

the above-described operations S310 to S340.  

That is, the motor driving apparatus according to still another embodiment of 

the present disclosure compares the output power instruction value P* with the 

output power reference value Plimit and operates in a first mode of performing an 

20 in-phase overmodulation compensation when the output power instruction value P* 

is less than or equal to the output power reference value P_limit. On the other hand, 

when the output power instruction value P* is greater than the output power 

reference value P_limit, the motor driving apparatus operates in the second mode of 
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performing the minimum distance overmodulation compensation. That is, since 

high voltage output and a quick response property are necessary when the output 

power instruction value P* is greater than the output power reference value P_limit, 

the motor driving apparatus of the present disclosure may use the minimum distance 

5 overmodulation compensation method. In other cases, the in-phase overmodulation 

compensation method may be used. However, the present disclosure is not limited 

thereto.  

Additionally, although not shown in the drawings, the control unit 130 may 

operate in the second mode when it is necessary to drive the motor 110 at a high 

10 speed.  

For example, when an instruction velocity o, is higher than or equal to 80 

krpm or a current velocity cor of the motor 110 is higher than or equal to 80 krpm, 

the control unit 130 may operate in the second mode. However, this is merely an 

embodiment and the present disclosure is not limited thereto.  

15 FIGS. 14 to 16 are views illustrating terminal voltage waveforms according 

to overmodulation compensation of the motor driving apparatus according to some 

embodiments of the present disclosure.  

Referring to FIG. 14, the motor 110 of the motor driving apparatus according 

to some embodiments of the present disclosure may receive three-phase AC voltages 

20 input from the inverter 120 as described above. Here, the three-phase AC voltages 

may include a first-phase terminal voltage, a second-phase terminal voltage, and a 

third-phase terminal voltage.  
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A user may actually measure, using a measurer, a terminal voltage waveform 

output from the inverter 120 to the motor 110. For example, the user may measure 

the first-phase terminal voltage by allowing a probe to come into contact with a 

ground node GND and a node A between a first upper arm switch Sa and a first 

5 lower arm switch S'a.  

Hereinafter, a result of measuring the first-phase terminal voltage will be 

described as an example of an overmodulation compensation operation of the control 

unit 130 of the present disclosure.  

Referring to FIG. 15, graph <a> illustrates a waveform obtained by 

10 measuring a terminal voltage between the ground node GND and the node A of the 

inverter 120 using an oscilloscope.  

Generally, as a sampled numerical value of the control unit 130 increases, a 

square wave-formed terminal voltage may be measured.  

In order to easily analyze the measured square wave, a high frequency 

15 component may be removed using a low pass filter (LPF). In this case, it is 

possible to extract and analyze a wave form of a low frequency component from the 

square wave.  

For example, graph <b> illustrates a waveform which passes through the LPF 

having a cutoff frequency of 10 kHz. However, the present disclosure is not limited 

20 thereto, and a terminal voltage waveform may be extracted using an LPF having a 

different cutoff frequency.  

Referring to FIG. 16, graphs <a> to <c> illustrate terminal voltage 

waveforms van1, van2, and van3 extracted using the method described above with 
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reference to FIGS. 14 and 15. Here, a reference voltage vas_ref is equally shown as 

a sine or cosine waveform in the graphs <a> to <c>. That is, the reference voltage 

vasref may be used while being shown in the graphs <a> to <c> to compare 

changes in amplitude of the terminal voltages vani, van2, and van3.  

5 In detail, the graph <a> illustrates a first terminal voltage waveform vani 

output from the inverter 120 to the motor 110 when an overmodulated voltage occurs 

in the inverter 120.  

The graph <a> includes a first maximum point maintenance time HI and a 

first minimum point maintenance time Li. Here, the first maximum point 

10 maintenance time Hi differs from the first minimum point maintenance time LI.  

For example, the first maximum point maintenance time HI of the first 

terminal voltage waveform vani may be greater than the first minimum point 

maintenance time LI thereof. However, the present disclosure is not limited thereto, 

and the first maximum point maintenance time HI of the first terminal voltage 

15 waveform vani may be less than the first minimum point maintenance time LI 

thereof.  

That is, when an overmodulated voltage occurs in the inverter 120, the first 

maximum point maintenance time HI of the first terminal voltage waveform vani 

may differ from the first minimum point maintenance time Li thereof.  

20 In this case, a voltage ripple and a harmonic wave component increases in a 

terminal voltage output from the inverter 120 such that control performance of the 

motor 110 may be reduced.  
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The graph <b> illustrates a second terminal voltage waveform van2 output 

from the inverter 120 to the motor 110 when an overmodulated voltage occurs in the 

inverter 120 and the control unit 130 performs an in-phase overmodulation 

compensation operation.  

5 That is, the graph <b> illustrates a terminal voltage waveform output from 

the inverter 120 to the motor 110 when the control unit 130 operates in the first mode.  

The graph <b> includes a second maximum point maintenance time H2 and a 

second minimum point maintenance time L2. Here, the second maximum point 

maintenance time H2 of the second terminal voltage waveform van2 may be equal or 

10 similar to the second minimum point maintenance time L2.  

However, in comparison to the graph <a>, the second maximum point 

maintenance time H2 may be less than the first maximum point maintenance time HI.  

Also, the second minimum point maintenance time L2 may be greater than the first 

minimum point maintenance time L1, but the present disclosure is not limited thereto.  

15 Through this, when the control unit 130 uses the in-phase overmodulation 

compensation method, a voltage ripple and a harmonic wave component of the 

terminal voltage output from the inverter 120 may be reduced. Accordingly, 

control performance of the motor 110 of the inverter 120 may be improved.  

The graph <c> illustrates a third terminal voltage waveform van3 output from 

20 the inverter 120 to the motor 110 when an overmodulated voltage occurs in the 

inverter 120 and the control unit 130 performs a minimum distance overmodulation 

compensation operation.  
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That is, the graph <c> illustrates a terminal voltage waveform output from the 

inverter 120 to the motor 110 when the control unit 130 operates in the second mode.  

The graph <c> includes a third maximum point maintenance time H3 and a 

third minimum point maintenance time L3. Here, the third maximum point 

5 maintenance time H3 of the third terminal voltage waveform van3 may be equal or 

similar to the third minimum point maintenance time L3.  

However, in comparison to the graph <b>, the third maximum point 

maintenance time H3 may be greater than the second maximum point maintenance 

time H2. Also, the third minimum point maintenance time L3 may be greater than 

10 the second minimum point maintenance time L2. However, the present disclosure 

is not limited thereto.  

Accordingly, a duty-ratio of a terminal voltage waveform when the control 

unit 130 performs the minimum distance overmodulation compensation operation 

may be formed to be greater than a duty-ratio of a terminal voltage waveform when 

15 the control unit 130 performs the in-phase overmodulation compensation operation.  

Through this, when the minimum distance overmodulation compensation 

method is used, an average output voltage of a terminal voltage output from the 

inverter 120 increases such that a driving velocity of the motor 110 may be improved 

and the motor 110 may operate at a high RPM.  

20 Also, when the minimum distance overmodulation compensation method is 

used, a voltage ripple and a harmonic wave component of the terminal voltage output 

from the inverter 120 are reduced further than when not used such that control 

performance of the motor 110 may be improved.  
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Since a variety of substitutions, modifications, and changes of the present 

disclosure may be made by one of ordinary skill in the art without departing from the 

technical scope of the present disclosure, the present disclosure is not limited to the 

above-described embodiments and the attached drawings.  

5 
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WE CLAIM 

1. A motor driving apparatus comprising: 

an inverter configured to drive a motor using an alternating current (AC) 

voltage; and 

5 a control unit configured to control an operation of a switching element 

included in the inverter, 

wherein the control unit generates one of first and second compensation 

values which differ from each other according to an instruction velocity of the motor, 

compensates an output voltage instruction value vector used in controlling of the 

10 inverter using one of the first and second compensation values when the output 

voltage instruction value vector exceeds a predetermined space vector region, and 

outputs a PWM signal controlling the operation of the switch elements of the inverter, 

based on the compensated output voltage instruction value vector, 

wherein the control unit operates in one of a first mode and a second mode 

15 which differ from each other according to the instruction velocity of the motor, 

wherein in the first mode, when the instruction velocity is less than or equal 

to a predetermined velocity reference value, the first compensation value for 

reducing a size of the output voltage instruction value vector while maintaining a 

phase of the output voltage instruction value vector is generated, and 

20 wherein in the second mode, when the instruction velocity is greater than the 

predetermined velocity reference value, the second compensation value for 

compensating the output voltage instruction value vector with a minimum distance 

point between the output voltage instruction value vector and the space vector region 

is generated.  

25 2. The motor driving apparatus of claim 1, wherein the control unit operates in 

the first mode when the instruction velocity is less than or equal to a current velocity 

of the motor measured by the control unit and operates in the second mode when the 

instruction velocity is greater than the current velocity of the motor measured by the 

control unit.  
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3. The motor driving apparatus of claim 1, wherein the control unit comprises: 

a voltage instruction generation portion configured to generate a first voltage 

instruction value; 

a torque instruction generation portion configured to generate a torque 

5 instruction value on the basis of a current velocity of the motor and the instruction 

velocity; 

a power instruction generation portion configured to calculate an output 

power instruction value on the basis of the torque instruction value and an input 

terminal voltage of the inverter; and 

10 a power controller configured to generate a compensation voltage instruction 

value on the basis of the output power instruction value and the first voltage 

instruction value, and 

wherein a vector of the output voltage instruction value is a sum of a vector 

of the first voltage instruction value and a vector of the compensation voltage 

15 instruction value.  

4. The motor driving apparatus of claim 3, wherein the control unit operates in 

the first mode when the output power instruction value is less than or equal to a 

predetermined output power reference value and operates in the second mode when 

the output power instruction value is greater than the predetermined output power 

20 reference value.  

5. The motor driving apparatus of any one of claims 1 to 4, wherein a rotational 

velocity of the motor in the second mode is higher than a rotational velocity of the 

motor in the first mode.  

6. The motor driving apparatus of any one of claims 1 to 5, wherein the output 

25 voltage instruction value vector is located on a boundary of the space vector region, 

and 

wherein a size of the output voltage instruction value vector in the second 

mode is greater than or equal to a size of the output voltage instruction value vector 

in the first mode.  
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7. The motor driving apparatus of any one of claims 1 to 6, wherein when the 

output voltage instruction value vector is located in the space vector region, the 

control unit does not perform an operation of the in-phase overmodulation 

compensation or an operation of the minimum distance overmodulation 

5 compensation.  

8. The motor driving apparatus of any one of claims 1 to 7, wherein in the first 

mode or the second mode, overmodulation compensation is performed so that a 

maximum point maintenance time is to be equal to a minimum point maintenance 

time at a terminal voltage waveform output from the inverter to the motor.  

10 9. The motor driving apparatus of claim 8, wherein a maximum point 

maintenance time or a minimum point maintenance time of the terminal voltage 

waveform measured in the second mode is formed to be greater than a maximum 

point maintenance time or a minimum point maintenance time of the terminal 

voltage waveform measured in the first mode.  

15 10. The motor driving apparatus of claim 8, wherein a duty-ratio of the terminal 

voltage waveform measured in the second mode is formed to be greater than a duty

ratio of the terminal voltage waveform measured in the first mode.  

11. The motor driving apparatus of any one of claims 1 to 10, wherein the control 

unit operates in the second mode when the current velocity of the motor or an 

20 instruction velocity is higher than or equal to 80 krpm.  

12. A motor driving apparatus comprising: 

a motor comprising a stator on which three-phase coils are wound and a rotor 

disposed in the stator and rotated by a magnetic field generated by the three-phase 

coils; 

25 an inverter comprising three-phase switch elements turned on to supply and 

off to cut off three-phase AC voltages to the three-phase coils; and 

a control unit configured to compensate an output voltage instruction value 

vector for driving of the motor using one of first and second compensation values 
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which differ from each other according to an instruction velocity of the motor when 

the output voltage instruction value vector corresponds to an overmodulation voltage 

vector exceeding a predetermined space vector region and configured to control 

operations of the three-phase switch elements on the basis of the compensated output 

5 voltage instruction value vector 

wherein the control unit generates one of first and second compensation 

values which differ from each other according to an instruction velocity of the motor, 

compensates an output voltage instruction value vector used in controlling of the 

inverter using one of the first and second compensation values when the output 

10 voltage instruction value vector exceeds a predetermined space vector region, and 

outputs a PWM signal controlling the operation of the switch elements of the inverter, 

based on the compensated output voltage instruction value vector, 

wherein the control unit operates in one of a first mode and a second mode 

which differ from each other according to the instruction velocity of the motor, 

15 wherein in the first mode, when the instruction velocity is less than or equal 

to a predetermined velocity reference value, the first compensation value for 

reducing a size of the output voltage instruction value vector while maintaining a 

phase of the output voltage instruction value vector is generated, and 

wherein in the second mode when the instruction velocity is greater than the 

20 predetermined velocity reference value, the second compensation value for 

compensating the output voltage instruction value vector with a minimum distance 

point between the output voltage instruction value vector and the space vector region 

is generated.  

13. The motor driving apparatus of claim 12, wherein the control unit operates in 

25 the first mode when the instruction velocity is less than or equal to a current velocity 

of the motor measured by the control unit and operates in the second mode when the 

instruction velocity is greater than the current velocity of the motor measured by the 

control unit.  

14. The motor driving apparatus of claim 12, wherein the control unit comprises: 
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a voltage instruction generation portion configured to generate a first voltage 

instruction value; 

a torque instruction generation portion configured to generate a torque 

instruction value on the basis of a current velocity of the motor and an instruction 

5 velocity; 

a power instruction generation portion configured to calculate an output 

power instruction value on the basis of the torque instruction value and an input 

terminal voltage of the inverter; and 

a power controller configured to generate a compensation voltage instruction 

10 value on the basis of the output power instruction value and the first voltage 

instruction value, and 

wherein a vector of the output voltage instruction value is a sum of a vector 

of the first voltage instruction value and a vector of the compensation voltage 

instruction value.  

15 15. The motor driving apparatus of claim 12, wherein the control unit operates in 

the first mode when the output power instruction value is less than or equal to a 

predetermined output power reference value and operates in the second mode when 

the output power instruction value is greater than the predetermined output power 

reference value.  

20 16. The motor driving apparatus of claim 12, wherein the control unit comprises: 

a position estimation portion configured to estimate an electrical degree 

position of the rotor by detecting currents and voltages from the three-phase coils; 

a velocity calculation portion configured to calculate a current velocity of the 

rotor on the basis of the electrical degree position of the rotor and the voltages; 

25 an instruction value generation portion configured to generate a current 

instruction value calculated on the basis of the current velocity and a target 

instruction value and to generate a voltage instruction value calculated on the basis of 

the current instruction value and the currents; and 
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a signal generation portion configured to calculate an output voltage 

instruction value on the basis of the voltage instruction value and the electrical 

degree position and to operate in the first mode or second mode of compensating the 

output voltage instruction value.  

5 17. The motor driving apparatus of any one of claims 12 to 16, wherein the 

control unit operates in the second mode when the current velocity of the motor or 

the instruction velocity is higher than or equal to 80 krpm.  
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