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Output Voltage Correction for a Voltage Source Type
Inverter of an Induction Motor Drive

Tetsuma Hoshino, Member, IEEE, and Jun-ichi Itoh, Member, IEEE

Abstract—A proposed voltage error correction method that uses
a disturbance observer for various types of induction motor con-
trol was evaluated. The features of the proposed control method
are: 1) control parameters are easily determined according to the
motor model and the parameter sensitivity is robust, and 2) the
proposed method can be applied for field-oriented vector control,
speed sensor-less vector control, and V/f control of the induction
motor by modification of a back electromotive force compensation
term in the observer. The disturbance observer is designed to have
fast response that is ten times faster than the current controller for
vector control. The voltage error is efficiently corrected using the
proposed method, and the current distortion can be reduced by
approximately 1/3. The proposed method is validated on the basis
of experimental results.

Index Terms—DC–AC power conversion, induction motor drive,
observers.

NOMENCLATURE

p Differential operator d/dt.
fs Switching frequency.
iu Output current of the leg.
i1 Motor current of primary side.
GACR(s) Transfer function of automatic current regula-

tor (ACR).
GLPF(s) Transfer function of low-pass filter in the dis-

turbance observer.
GMotor(s) Transfer function of motor.
KACR ACR proportional gain.
KF F Compensation gain.
Lm Magnetizing inductance.
Lσ Equivalent leakage inductance.
R1 Primary resistance.
R2 Secondary resistance.
Td Dead-time period.
Tf , Ts Time constant of the observer.
Vdc DC-link voltage.
VON Saturation voltage of the switching device.
V1 Motor voltage of primary side.
V ∗

1 Command voltage for disturbance observer.
V ∗∗

1 Command voltage for inverter.
∆V Disturbance voltage.
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∆V Average disturbance voltage.
∆V̂ Estimated error correction voltage.
V̂EMF Estimated speed electromotive force (EMF).
φ2 Motor flux of secondary side.
ωm Motor speed in electric angular frequency.
ω1 Primary-side angular frequency.
Subscripts
C Controller quantity.
d, q d-and q-axes quantity.

I. INTRODUCTION

THE output voltage of a power converter requires high ac-
curacy to achieve high-performance operation of a motor

drive, especially around the low-speed region. However, out-
put voltage errors can be generated for two reasons. The first
is the influence of a dead-time period. All voltage source type
inverters require a dead time to prevent a short-circuit current in
power devices. However, the dead time results in output voltage
errors and significant distortion of the current waveform around
the zero crossing point of the current. The second reason is
the saturation voltage of a power device. The saturation voltage
depends on the temperature and collector current of the power
devices; therefore, the saturation voltage is varied.

In order to perform high-starting torque, low-speed ripple,
low-torque ripple, and high-accuracy torque, correction of the
output voltage error is a very important issue. In particular, when
an induction motor drive operates without a speed sensor such
as V/f control and sensor-less vector control, the output voltage
error cannot be neglected in the low-voltage output range, such
as at low speed.

Various voltage compensation methods have been previously
proposed [1]–[10]. The most common method to compensate
the dead time is the addition of the correction voltage to the
output voltage command, according to the polarity of the cur-
rent. If delay of the polarity detection or mismatching of the
correction voltage occurs during the correction process, then
a large distortion of the current waveform and a large torque
ripple are generated. Polarity detection of the load current is
particularly difficult in the low-speed region, because the tran-
sition of the polarity is very slow. In any case, it is difficult to
compensate the voltage error using the saturation voltage of the
power device, due to its nonlinear characteristics. It should be
noted that the saturation voltage of the device is also a cause of
the voltage error. Therefore, the dead-time elimination method
is not sufficient for elimination of the voltage error [11]–[16].

On the other hand, a voltage error correction method that
uses a disturbance observer has been proposed for vector-
controlled systems [1], [9]. Compensation by a disturbance
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observer is useful, because the disturbance observer can esti-
mate the amount of voltage error, consisting of the saturation
voltage of switching devices and the dead-time voltage error. In
the method reported in [1], the disturbance observers decide only
the compensation value. The output voltage correction is then
implemented by adding the compensation value to the output
voltage command according to the polarity of the load current, as
with the conventional method. Therefore, it is difficult to solve
the mismatch problem of the current polarity detection in the
low-speed region using this method. For industrial products such
as general purpose inverters, in order to compensate the voltage
error by current polarity detection, the compensation value is
adjusted at around the zero crossing point. This adjustment is
very complex, because the voltage error characteristics are non-
linear. There have been some discussions regarding the voltage
error correction without current polarity detection for induction
motor drive applications. For example, support vector regres-
sion (SVR) algorithm has been proposed to correct the voltage
error [12]. However SVR algorithm requires many memories
for on-line voltage error estimation. On the other hand, the di-
rect estimation of the voltage error using a disturbance observer
was proposed for a permanent magnetic synchronous motor
(PMSM) drive [9]. However, induction motors are widely used
for various applications in comparison with the PM motor drive
systems. The voltage error correction for an induction motor is
still more important. There is a paper using a disturbance ob-
server to correct voltage error for field-oriented vector control
of an induction motor drive [17]. However, there has been no
report of using a disturbance observer to correct voltage error
for V/f control method, which is the most common method for
adjustable speed drive.

We propose a voltage error correction method that uses a
disturbance observer without current polarity detection. There
are two main advantages of the proposed method. The first is
that the control parameters can be easily determined accord-
ing to the motor model, and the parameter sensitivity is robust.
Even if the dead-time values changed, the proposed method can
estimate the voltage error at on-line without parameter tuning.
That is, the proposed method does not require parameter ad-
justment according to the load current, temperature, and dead
time. The second advantage is that the proposed method can
be applied to various control methods on the induction motor
by only modification of a back EMF compensation term in the
observer. The fundamental principle of the proposed compensa-
tion method is first described. Variation of the proposed method
applied to sensor-less vector control and V/f control is then de-
scribed. Lastly, experimental verifications are implemented on
each control.

II. PRINCIPLES OF THE DISTURBANCE OBSERVER FOR

VOLTAGE ERROR CORRECTION

A. Problems With Conventional Compensation

Fig. 1(a) shows a circuit diagram of a voltage-source inverter,
and Fig. 1(b) shows the voltage error behavior during a dead-
time period. The voltage error is mainly caused by the dead-time
period. The dead-time period Td , when both switches are off, is

Fig. 1. Inverter leg circuit diagram and the relationship between the reference
pulse and voltage error. (a) Inverter leg. (b) Relationship between the reference
pulse and voltage error.

added at the transition of gate pulses up and un in order to avoid
the short circuit between the upper and lower arms. An ideal in-
verter can set the dead time to zero; however, a real inverter must
assign some dead-time period, because the actual switching de-
vice has a delay and dispersion of the switching characteristics.
The voltage error is then caused from the conduction of the
free-wheeling diode (FWD) during the dead-time period.

The voltage error during the dead-time period depends on the
direction of the flowing current. When the direction of the output
current from the leg to load is positive, the current in the leg flows
through the FWD of the lower arm during the dead-time period.
Thus, the output voltage is decreased by the dead-time period.
On the other hand, when the output current direction is negative,
the current in the leg flows through the FWD of the upper arm,
and the output voltage is increased. The value of the voltage
error depends on the dead-time period and the dc-link voltage,
as shown in Fig. 1. The voltage error is calculated using (1).

∆V = −fsTdVdcsign(iu ) (1)

where sign(x) is a sign function. If x > 0 then sign(x) = 1, if x
< 0 then sign(x) = −1, and if x = 0 then sign(x) = 0.

It should be noted that the magnitude of the voltage error
is not dependent on the amplitude of the output voltage and
the output current. Therefore, when the output voltage is small,
such as during low-speed operation, the effect of the dead time
is strong, because the ratio of the voltage error to output voltage
becomes larger.

The voltage error is also derived from the saturation voltage
VON of the switching device. When the output current direction of
the leg is positive, the current in the leg does not flow through the
switching device of the upper arm during the dead-time period.
Thus, the output voltage is decreased by the saturation voltage of
the device. On the other hand, when the output current direction
is negative, the current in the leg flows through the device of
the lower arm, and thus the output voltage is increased. The
voltage error, which is dependent on the saturation voltage of
the switching device, is calculated using (2).

∆V = − (1 − fsTd) VONsign(iu ). (2)
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Fig. 2. Conventional voltage error correction method corresponding to the
direction of the motor current.

Fig. 2 shows a control block diagram of practical voltage
error correction according to the current polarity. The error cor-
rection voltage is calculated from KF F iu limited to −1 and
1, where KF F compensates the gain to maintain linearity at
the zero-crossing point and prevent hunting. In order to achieve
precise correction, the conventional method requires tuning of
the gain KF F for each converter. A practical inverter determines
the voltage error differently from (1), because the output voltage
is changed slowly by the junction capacitance of the switching
device when the load current is around the zero-crossing point.
In order to correct the voltage error precisely, an edge of the
correction voltage is dulled by the gain KF F at around the zero-
crossing of the current waveform. The optimum value of the gain
KF F depends on the characteristics of each switching device;
therefore, the tuning operation for each converter is a signifi-
cant problem due to the long work time of practical inverters
such as general-purpose inverters. In addition, the compensation
value fsTdVdc must also be adjusted according to the voltage
saturation and switching characteristics of the power device.

B. Dead-Time Correction Method Using
Disturbance Observers

A dead-time compensation method is proposed using a distur-
bance observer. The voltage error estimation uses the relation-
ship between the motor voltage v1 and current i1 on a rotational
frame, which is obtained using (3). Consequently, the tuning
used for the conventional method will not be discussed here.




v1d

v1q

0
0


 =




R1 + pLσ −ω1Lσ p −ω1
ω1Lσ R1 + pLσ ω1 p

−R2 0
R2

Lm
+ p −ω1 + ωm

0 −R2 ω1 − ωm
R2

Lm
+ p




×




i1d

i1d

φ2d

φ2q


 . (3)

Fig. 3 shows the equivalent circuit of an induction motor
on a d–q rotating frame. The secondary leakage inductance is
converted into that of the primary side. The dead-time volt-
age error is estimated from the output current. From (3), when
the d-axis corresponds to the vector of the secondary flux φ2 ,
the primary-side voltage v1 is calculated using (4), because

Fig. 3. Equivalent circuit of an induction motor.

Fig. 4. Block diagram of the voltage error correction method using a distur-
bance observer.

the q-axis component φ2q is equal to zero.

v1d = (R1 + R2 + pLσ ) i1d − ω1Lσ i1q −
(

R2

Lm

)
φ2d

v1q = (R1 + R2 + pLσ ) i1q + ω1Lσ i1d + ωm φ2d .

(4)

Fig. 4 shows a block diagram for the vector control method,
using the proposed voltage error correction method. The distur-
bance observers calculate the difference between the command
voltage V ∗∗

1 and the actual output voltage V1 of the inverter,
and estimates the disturbance voltage ∆V. The voltage error of
the inverter becomes the disturbance of the voltage controller.
The estimated voltage error is added to the voltage command as
the error correction voltage ∆V̂ , which is calculated using (5)
derived from (4).

∆v̂d =
1

1 + sTf

{
(R1C + R2C + pLσC ) i1d − ω1Lσ i1q

−
(

R2

Lm

)
φ2d − v∗∗

1d

}

∆v̂q =
1

1 + sTf
{(R1C + R2C + pLσC ) i1q + ω1Lσ i1d

+ωm φ2d − v∗∗
1q

}
. (5)

Bandwidth of the disturbance observer is determined by the
time constant of the observer Tf . So Tf should be set as fast as
possible, with consideration of the time delay of the feedback
loop in order to neglect discretization effect such as phase lag.

The method proposed in Fig. 4 corrects only the first term
on the right side of (5), which is the back EMF of the RL. The
second and third terms in (5) are in proportion to the angular
frequency of the primary and secondary sides, respectively. The
second and third terms are referred to as the cross term and
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speed EMF term, respectively. In the low-speed region, these
terms can be neglected, because they are much smaller than
the first term. The proposed method has good compensation
performance in the low-speed region for each control method
of the induction motor drive operation. However, the cross term
and the speed EMF term interfere with the control performance
in the middle- and high-speed regions. Therefore, the key point
of applying the proposed method to various control methods is
the implementation of these terms for correction according to
the features of the control methods. In particular, calculation
of the speed EMF term is important for the proposed method.

When the disturbance observer is combined with the ACR for
voltage error correction, the transfer function of the proposed
method from disturbance voltage ∆V to motor voltage V1 is
derived as

V1

∆V
=

−(1 − GLPF(s))
1 + GACR(s)GMotor(s)

. (6)

On the other hand, the transfer function of ACR from the
disturbance voltage ∆V to the motor voltage V1 is

V1

∆V
=

−1
1 + GACR(s)GMotor(s)

. (7)

That is, the transfer function from the disturbance voltage ∆V
to the motor voltage V1 does not equal regardless of the param-
eters in ACR. Then the slope of the magnitude characteristic
in bode diagram at low frequency of the proposed method is
different from that of ACR. The slope of the proposed method
is −40 dB/dec, which is larger than −20 dB/dec of ACR.

Nonlinear voltage error is corrected by the disturbance ob-
servers in the proposed method. However, the voltage error
correction in the overmodulation region cannot be corrected,
because there is no margin to correct output voltage. The cor-
rection in the overmodulation region will be considered in future
works.

An internal model control (IMC) method can estimate the out-
put signal of plant, using an inverse model of the plant such as an
induction motor. However, the IMC only estimates disturbance
on the output side of the plant [18]. In this paper, the output
signal of the plant is the input current of the motor. Therefore,
the IMC is not suitable to use voltage error correction, because
IMC does not estimate disturbance voltage of the input side.

III. COMPENSATION TERMS FOR EACH CONTROL METHODS

A. Compensation Term for Field-Oriented Vector
Control Method

Fig. 5 shows a block diagram of the proposed method ap-
plied to the field-oriented vector control method. In this control
method, the cross term and speed EMF term in (5) are compen-
sated by the feedforward control, because all parameters in this
control method are known and the secondary angular frequency
is known from the speed sensor. The disturbance observer is
attached to the d-and q-axes.

The proposed method can also be applied to a sensor-less
field-oriented vector control method. However, the speed sensor-
less control method should use an estimated motor speed instead

Fig. 5. Block diagrams of the voltage error correction method, using field-
oriented vector control. (a) d-axis. (b) q-axis.

of an actual value ωm for the speed EMF compensation. It
should be noted that the voltage sensor for sensor-less vector
control is not used for voltage error correction. Sometimes, a
voltage sensor is used to achieve high performance in sensor-
less vector control; however, a voltage sensor for voltage error
correction requires a higher response than that of the sensor-less
drive voltage sensor. Therefore, there is a difficulty to detect the
average value of the pulsewidth modulation waveform without
delay.

The stability of the field-oriented vector control system is
maintained by the disturbance observer, because the pole po-
sitions of the proposed system are combined with the conven-
tional field-oriented vector control system and the disturbance
observer. When the stability of both the disturbance observer
and the field-oriented vector control are ensured, the system is
stable.

B. Compensation Term for V/f Control Method

The V/f control is very useful in practical applications. A
sensor-less drive system requires a higher cost controller and is
sensitive to the motor parameters, especially in the low-speed
region. In addition, V/f control has robust characteristics for the
motor parameters. It should be noted that practical V/f control
systems have current sensors for protection and compensation
of the voltage error.

Fig. 6 shows a block diagram of the proposed method applied
to V/f control. With this control method, the d-axis no longer
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Fig. 6. Block diagram of voltage error correction method, using V/f control.

corresponds to the direction of the secondary flux vector. There-
fore, the proposed disturbance observer is attached only to the
q-axis, because the voltage error mainly appears in the q-axis
with V/f control. On the other hand, an ACR is applied to the
d-axis in order to maintain the excitation current. The ACR on
the d-axis also improves the stability of the controller. In order
to stabilize the system, KACR should be set as high as possible;
however, the maximum value of KACR is limited by the delay
time of the feedback loop in a practical system.

The cross term is calculated from the leakage inductance,
d-axis current, and primary angular frequency. It should be noted
that the cross term compensation is disabled in the low-speed
region, because the rotation frame of the controller mismatches
that of the motor.

The speed EMF term V̂EMF is also difficult to correct using
the speed ωm , because the V/f control does not have the motor
speed information. The motor speed variation depends on a
mechanical time constant, and the mechanical time constant
of the motor is generally much longer than the electric time
constant of the motor. The current distortion due to the voltage
error is changed by the electric time constant, and the speed
EMF has different frequency components to the voltage error.
Therefore, a slow-response observer is designed to detect the
speed EMF, and a fast-response observer is designed to detect
the voltage error.

It is important to analyze a stability of the disturbance ob-
server; however, the V/f control method is difficult to separate
the d- and q-axis components in actual axes. Therefore, the sta-
bility of the proposed system was analyzed using a bode diagram
and a root locus in the complex plane. The analyses conditions
used the parameters of a general purpose 750-W induction motor
under constant speed, in addition to those given in Table I.

Fig. 7(a) shows the bode diagram of the transfer function
from the voltage error ∆Vq to the motor voltage V1q . The bode
diagram of the transfer function represents as a band elimi-
nate filter. The gain indicates a negative value in the operation
frequency from 1 to 50 Hz, which means that the voltage er-

TABLE I
ANALYSIS CONDITIONS

ror does not appear in the motor terminal voltage because the
gain of the transfer function becomes smaller though the phase
property varies widely. On the other hand, the gain and phase
are almost zero when located at outside of the operation range.
When the controller parameters varied to half or double of the
motor parameter, detail of the frequency response is slightly
varied. However, the overall property of the frequency response
is not changed; therefore, the affection of the motor parameter
variation is negligible.

Fig. 7(b) shows the bode diagram of the transfer function
from the command voltage V ∗

1q to the motor voltage V1q . When
the controller parameters are same to the motor parameters, the
gain and the phase is zero in all frequency range. The variation
of motor resistance R makes phase shift in the operation fre-
quency. On the other hand, the variation of motor inductance
Lσ makes phase shift in the higher frequency range of the oper-
ation frequency.

Fig. 8(a) shows the root loci under the condition that Tf =
1 ms, Ts = 100 ms, KACR = 0.5, and ω1 = ωm = 0.65 p.u.
State equation (8), which is shown at the bottom of the next
page, gives the root loci of proposed system. This system has six
roots, because it is a sixth-order system. The positions of roots
No. 1–4 in Fig. 8(a) indicate sufficient stability, because they
are dispersed on the real axis in an area that is negatively distant
from the imaginary axis. However, the remaining roots, Nos. 5
and 6, are located nearest to the imaginary axis. Therefore, the
stability of the proposed system can be discussed based on root
No. 5.

Fig. 8(b) shows the root No. 5 loci with variations in
KACR , Tf , and Ts . Each of the parameters is varied ±20%
from each of the given values. In order to stabilize the system,
the roots should be located in the area negatively distant from
the imaginary axis, in addition to minimizing the imaginary part.
Thus, Tf and Ts are set to slower values, and KACR is set to a
higher value in order to stabilize the system. It should be noted
that a slow Tf avoids voltage error correction, and a slow Ts

deteriorates the acceleration performance due to the back EMF.
In contrast, KACR should be set as high as possible for stabi-
lization, with consideration of the time delay of the feedback
loop. As a result, the parameters should be designed according
to the following terms.

1) Tf is set as fast as possible for the controller.
2) Ts is set to faster than the mechanical time constant.
3) KACR is then adjusted for the stability of the system.
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Fig. 7. Bode diagram of the proposed V/f control system. (a) Bode diagram of the transfer function from ∆Vq to V1q . (b) Bode diagram of the transfer function
from V ∗

1q to V1q .

IV. EXPERIMENTAL RESULT

A. Evaluation of the Proposed Voltage Error Compensation
Method for Each Motor Control

Fig. 9 shows control block diagrams for the various control
methods of the experimental system. Fig. 9(a) shows a block di-
agram for a 2.2 kW motor controlled using field-oriented vector
control to maintain constant speed. Where Td : dead-time period
is 3 µs, fs : switching frequency is 10 kHz, Vdc : dc-link voltage
is 300 V, sampling frequency is 10 kHz, ACR gain is 1 p.u., ACR
time constant is 1 ms. Fig. 9(b) is based on reference [10], and it
shows an experimental system composed of a general purpose
induction motor and an inverter, where the motor is controlled
using sensor-less vector control to maintain constant speed.
Where Td : dead-time period is 3 µs, fs : switching frequency
is 20 kHz, Vdc : dc-link voltage is 300 V, sampling frequency

is 10 kHz, ACR gain is 1 p.u., ACR time constant is 3 ms.
This method estimates the motor speed from the speed EMF,
which is calculated using voltage–current differential equation
of the motor. The rotating frame of the controller corresponds
with that of the motor by controlling the d-axis induced voltage.
Fig. 9(c) shows a block diagram for the experimental system of
a 750 W motor controlled using V/f control to maintain a con-
stant primary frequency. Where Td : dead-time period is 3 µs,
fs : switching frequency is 20 kHz, Vdc : dc-link voltage is 300 V,
sampling frequency is 10 kHz, KACR : ACR gain is 2 p.u. In
Fig. 9(c), the boost voltage is calculated using (9).

vboost = R1i1q

(
1 − ω∗

1

ωn

)
. (9)

Fig. 10 shows waveforms of the d-axis, q-axis, and u-phase
current under conditions where the motor speed is 750 r/min
with the rated load torque (1.0 p.u.) using field-oriented vector
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Fig. 8. Placement and loci of roots. O indicates no parameter variations, ∆ indicates +20%, and ∇ indicates −20%. The solid, dashed dot, and dashed lines
represent the KACR current regulator gain and the Tf and Ts observer time-constant variations, respectively. (a) Placement of six roots. (b) Loci for the most
vibratile root (No. 5).

Fig. 9. Experimental systems for evaluation of correction performance.
(a) Field-oriented vector control. (b) Sensor-less vector control. (c) V/f
control.

control. The current distortion at the zero-crossing point of the
u-phase current is also suppressed when using the voltage error
correction method based on the disturbance observer. In order
to evaluate performance of the proposed method, total harmonic
distortion (THD) k is calculated as

k =
√

I2 + I3 + · · · + In

I1
(10)

where
I1 : RMS value of fundamental frequency of out-

put current,
I2 , I3 , . . . In : RMS value of nth-order harmonic of output

current.
The THD of the current, as shown in Fig. 10(b), is 0.35%,

which is a 1/3 reduction of that in Fig. 10(a). It is noted that the
fundamental frequency component in the output current without
the correction is reduced by the voltage error.

Fig. 10(c) shows the THD variation according to the motor
speed. At middle- and high-speed region, frequency of the volt-
age error increases by increasing the frequency of the output
voltage and current. Then THD will increases because the error
correction performance of the PI controller is degraded when
the frequency of the error voltage is increased. THD of the re-
sult using the conventional method is still high as the result of
the PI controller because conventional method has errors in cor-
rection quantity and timing. However, THD of the result using
proposed method is reduced below 1.0%. It should be noted
that the voltage error correction using the disturbance observer
can avoids problems, such as torque ripple or control precision,
and improves the response of the acceleration, deceleration, and
load variation.

Fig. 11 shows the waveforms of the motor speed, d-axis,
q-axis, and u-phase current under conditions where the motor
speed is 300 r/min with the rated load torque (1.0 p.u.) using
sensor-less vector control. The experimental result shown
in Fig. 11(a) is without voltage error correction and that in
Fig. 11(b) is using the disturbance observer based on the
voltage error correction method. In Fig. 11(a), the current
distortion occurs at the zero crossing point of the u-phase
current, because the voltage error is changing significantly at
this point. In contrast, the distortion is almost corrected using
the fast-response disturbance observer, as shown in Fig. 11(b).
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Fig. 10. Comparison of correction performance for a disturbance observer, using the field-oriented vector control method. (a) No correction method.
(b) Correction method based on disturbance observer. (c) THD variation about motor speed.

Fig. 11. Comparison of correction performance for a disturbance observer, using the sensor-less vector control method. (a) No correction method. (b) Correction
method based on disturbance observer.

In addition, the THD of the current shown in Fig. 11(b) is
1.20%, which is a 1/3 reduction of that in Fig. 11(a).

Fig. 12 shows waveforms of the d-axis, q-axis, and u-phase
current under conditions, where the primary side angular fre-
quency is 1 Hz with no load torque using V/f control. The current
distortion at the zero-crossing point of the u-phase current is
also suppressed when using the voltage error correction method
based on the disturbance observer. Accordingly, the THD of
the current, as shown in Fig. 12(b), is 0.98%, which is a 1/9
reduction of that in Fig. 12(a).

It should be noted that the proposed method obtains the si-
nusoidal output voltage, which has no low order harmonics
components because the output current is sinusoidal.

B. Sensitivity for Motor Parameter Variations

Fig. 13 shows the effect of RC or LσC parameter mismatches
of on the THD, using the field-oriented vector control method.

Fig. 12. Comparison of correction performance for a disturbance observer,
using the V/f control method. (a) No correction method. (b) Correction method
based on disturbance observer.

When RC or LσC was varied to R or Lσ multiplied or divided by
two, the increase in the THD was less than 0.03 point. Therefore,
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Fig. 13. Influence of parameter variations on vector control with the proposed compensation. (a) No parameter variations. (b) Rc = 0.5R, Lσ c = 0.5Lσ ,
(c) Rc = 2R, Lσ c = 2Lσ .

TABLE II
SUMMARY OF THE CURRENT THD FOR EACH CONTROL METHOD IN LOW-SPEED REGION

Fig. 14. THD variations for parameter mismatching with V/f control.

the proposed system has stable operation, even when there are
parameter mismatches of RC or LσC . It should be noted that
the influence of the parameter variation on the sensor-less vector
control is almost the same as that of the field-oriented control,
because the sensor-less control has a flux estimator based on the
field-oriented control.

Fig. 14 shows the effect of RC or LσC parameter mismatches
on the THD, using the V/f control method. When RC is smaller
than R, the THD is increased. Similarly, when RC is bigger
than R, the THD is decreased. On the other hand, when the LσC

parameter is different to the actual Lσ , the THD is increased.
It is noted that the proposed method uses the current sensor

to correct voltage error. Therefore, the gain and offset of the
current sensor should be adjusted for each phase to achieve high
performance in the adjustable speed drive system. The gain
mismatching is the same as the parameter error of resistance
RC , because the gain of the transfer function from the actual
current to the output voltage mentions resistance dimension. On
the other hand, the offset and gain unbalance for each phase in
the current sensor causes voltage commands and current ripple
as same as other control methods.

C. Comparisons of Each Result

Table II shows a summary of the current THD for each con-
trol method in low-speed region less than 5 Hz. The correction
method using the disturbance observer reduces the distortion of
the current for all the control methods. In particular, THD of the
current with V/f control was drastically reduced to 1/9, because
the original V/f control method has no current regulators. As a
result, the THD of the current with field-oriented vector control
is decreased to 1/2, and the THD of the current with sensor-less
method is decreased to 1/3. Therefore, the proposed voltage er-
ror correction method is effective for any of the control methods
examined.

V. CONCLUSION

A disturbance observer was proposed for dead-time voltage
error correction. Application of the proposed method was shown
for field-oriented vector control and V/f control method. The
proposed method is able to decrease the current distortion by
1/3 when using the field-oriented vector control method. When
using the V/f control method, the proposed method is able to
decrease the current distortion by 1/9. The proposed method is
not dependent on the circuit topology; therefore, the proposed
method can be used for voltage error correction with different
circuit topologies, such as a matrix converter.
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