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Abstract
A three‐phase to single‐phase direct AC power generation system based on the open‐
winding permanent magnet synchronous generator (PMSG) with the dual‐inverter is
proposed in this study for the standalone power system. The negative DC terminals of
the dual‐inverter are commonly connected, and the positive DC terminals are recon-
structed as the output port of the single‐phase AC power; the three‐phase AC power
generated by PMSG could be converted to be the high power quality single‐phase AC
power directly without any LC filters. Different from the traditional OW‐PMSG system,
zero‐sequence current is employed to achieve adjustable frequency and voltage of the
single‐phase AC power, and the corresponding dual voltage‐loop control strategy with
the separate positive‐sequence and zero‐sequence currents regulation of PMSG is given
to achieve high output performance. The effectiveness of the proposed control strategy
and the output characteristics have been verified by simulation and the experiment of the
prototype, and the results show that the high‐quality single‐phase AC power can be
obtained at a wide speed range and at different load operating conditions.
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1 | INTRODUCTION

Three‐phase AC power conversion to single‐phase AC power is
widely used in many applications such as high‐frequency in-
duction heating systems, traction power supply, uninterruptible
and emergency power supply, etc. [1–5]. It is essential to design
the three‐phase to single‐phase power conversion with the
double‐stage AC‐DC‐AC converter for the generator in the
standalone power system, and it is the most industrially estab-
lished topology composed of a front‐end rectifier, DC‐link
capacitors, an inverter and an LC filter, and decoupled control
process could be obtained to achieve the control structure
simplicity and flexibility. However, the bulky life‐cycle electro-
lytic capacitor implemented for the power fluctuationmitigation
degrades the reliability of the system, and the volume and weight
of the inductor of the LC filter are relatively large and heavy
[5–9]. Furthermore, the two‐stage power conversion also

reduces the efficiency of power conversion and increases the
cost of the standalone power system.

Thus, a direct three‐phase to single‐phase AC‐AC con-
verter is considered as a candidate to solve the aforementioned
technical problems of the conventional two‐stage AC‐DC‐AC
converter. A high‐frequency AC‐linked converter is proposed
in [10, 11] with the high‐frequency transformer to interface the
three‐phase to the single‐phase AC power. Another approach
of the matrix converter (MC) with the property of simple and
compact topology is given in [12–14], the amplitude and fre-
quency of the single‐phase AC power could be regulated by the
modulation scheme of the MC, while, the input and output
power performance significantly depend on the complicated
control algorithm and pulse modulation method, and the po-
wer input and output LC filters are still necessary to obtain the
adjustable input power factor and low harmonic waveforms,
accordingly the feasibility and output performance are limited
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[15–17]. Hence, the matrix converter is still not the expected
power conversion topology for the three‐phase to single‐phase
power generation system especially in applications where
power quality and reliability are of great consideration.

For the standalone power system in emergency power
supply, a three‐phase to single‐phase direct AC power genera-
tion system based on the open‐winding permanent magnet
synchronous generator (PMSG) with the dual‐inverter is pro-
posed herein. The system configuration is quite similar to the
conventional open‐winding permanent magnet synchronous
machine (OW‐PMSM) with commonDC bus [18–20], while the
difference is that the positive terminals of the dual inverter are
separated to obtain the output port of single‐phase AC power
for loads as shown in Figure 1, where the PMSG is driven by the
internal combustion engine (ICE) directly. In the conventional
open‐winding PMSM system with a common DC bus, the zero‐
sequence voltage and current should be eliminated to achieve
the properties of high efficiency and low torque ripples [21]. The
pulse‐width modulation (PWM) scheme with zero‐sequence
current elimination for the dual inverter is proposed in [22,
23], and the model predictive control method is also employed
to mitigate the circulation zero‐sequence currents [24, 25]. The
literature [26, 27] depicts the hybrid space‐vector pulse width
modulation (SVPWM) and dead‐time hysteresis control method
to eliminate the zero‐sequence voltage produced by the two
voltage source converters. It can be seen that the elimination of
the zero‐sequence current has been the key issue of the tradi-
tional OW‐PMSM system with the common DC bus.

While, in the three‐phase to single‐phase power generation
system based on the OW‐PMSG, the single‐phase AC load is
located in the zero‐sequence current flowing way of
OW‐PMSG, the zero‐sequence current is adopted for single‐
phase AC voltage regulation. It is quite different from the
traditional zero‐sequence current elimination method in OW‐
PMSM. The basic operation principle and control method
with the positive‐sequence and zero‐sequence reference cur-
rent regulation for the three‐phase to single‐phase AC power
generation system has been given in [28], and a feed‐forward
harmonic compensation method is also described in [29] to
eliminate the harmonic distortion of the output voltage.

In this study, based on the aforementioned control method
of the three‐phase to single‐phase AC power generation sys-
tem, a dual control loop algorithm based on the power fluxion

analysis is given to achieve high output performance, and the
study is organised as follows. The operation principles of the
proposed system are analysed in section 2. The dual voltage
loop control algorithm with separated positive and zero‐
sequence current regulation adopted to obtain a flexible
output performance for the single‐phase AC load is proposed
in section 3. In sections IV and V, the corresponding simula-
tion and experiment are implemented to verify the validity of
the proposed control strategy and output performance. Finally,
the conclusion is drawn in section 6.

2 | SYSTEM CONFIGURATION AND
OPERATION PRINCIPLE

2.1 | System configuration

The system configuration of the proposed three‐phase to single‐
phase AC power generation system is shown in Figure 1, which
consists of an OW‐PMSG, the dual three‐phase inverters (INV1
and INV2), DC link capacitors, the single‐phase load and the
controller. As it can be seen, each winding end of the OW‐
PMSG are connected to the AC terminals of the dual three‐
phase inverters, and the negative terminals of the inverters are
connected together, the single‐phase load is embedded in the
positive terminals compared with the traditional OW‐PMSM
system. The voltages of the DC bus capacitors and phase cur-
rents of the PMSG are detected for the controller, which
generated the PWM driving signals for the inverters.

Although the number of power devices is higher than that
of the traditional AC‐DC‐AC converter, the volume of the
power converter could be reduced due to the elimination of the
LC filter for the output single‐phase AC power. Furthermore,
the DC link capacitors herein are not employed to support the
DC bus voltage, therefore, the film capacitors are suitable in
the proposed system to replace the electrolytic capacitors. The
dual inverter and the DC link capacitor could be integrated to
achieve the compact structure, and the cost of the proposed
system could also be reduced.

In order to obtain the sinusoidal single‐phase voltage uL
for the load between the positive terminals of the dual in-
verters, the voltages of each capacitor for the inverters should
be controlled as AC voltages with DC bias as shown in

F I GURE 1 The system configuration of three‐
phase to single‐phase direct AC power generation
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Figure 2; the sinusoidal components of the capacitor voltage
should be opposite to each other, then, the voltage difference
of the capacitors produce the output single‐phase voltage for
the AC load.

The relevance between the capacitor voltage and the
single‐phase voltage can be expressed as follows:

8
>>>>><

>>>>>:

u1d ¼ ud0 þ
uL
2

u2d ¼ ud0 −
uL
2

uL ¼ u1d − u2d ¼
ffiffiffi
2
p
UL sin ωLt

ð1Þ

where u1d and u2d are voltages of the capacitors C1 and C2, ud0
is the DC bias voltage of the capacitors, uL and UL are the
instantaneous value and root mean square (RMS) value of the
single‐phase voltage, respectively, ωL is the electrical angular
frequency of uL.

Compared with the traditional three‐phase to single‐phase
AC power converter, there is no LC filter in the proposed
system although the dual inverters INV1 and INV2 work in
the PWM mode; the AC component of the capacitors are
employed to achieve the single‐phase output voltage. Due to
the capacitive characteristic of the output voltage for the load,
the high‐quality sinusoidal AC voltage could be obtained by the
proposed system with no traditional conductive filters, then,
the volume and cost of the system could be reduced. More-
over, due to the specific topology of the proposed three‐phase
to single‐phase power generation system, there are several
constraint relations of the capacitor voltages, where the
capacitor voltage with the DC bias must be greater than 0V to
avoid the short circuit problem of the dual inverters with the
parallelled diodes of the IGBTs, and DC bias voltage ud0
should also be larger than the sinusoidal component.

2.2 | Operation principle

Figure 3 shows the equivalent circuit of the proposed system,
the phase winding of PMSG is represented by e, L and R in
series, where, e, L and R are the back‐EMF, phase‐inductance
of the winding and resistance, respectively. The three‐phase
back‐EMFs of the open‐winding PMSG can be written as
follows.

8
>>>>><

>>>>>:

ea ¼
ffiffiffi
2
p
E sin ωGt

eb ¼
ffiffiffi
2
p
E sin

�

ωGt −
2
3
π
�

ec ¼
ffiffiffi
2
p
E sin

�

ωGt þ
2
3
π
�

ð2Þ

where E is the amplitude of the back‐EMF, ωG is the electrical
angular frequency of PMSG.

The terminal voltage of the three‐phase windings can be
described as follows

8
>>>>>>><

>>>>>>>:

uaa' ¼ ea − L
dia
dt

− Ria

ubb' ¼ eb − L
dib
dt

− Rib

ucc' ¼ ec − L
dic
dt

− Ric

ð3Þ

where ia, ib and ic are the phase currents of PMSG. Since the
mutual inductance of the PMSG is relatively small compared
with the self‐inductance, it could be ignored in the phase
voltage of the winding.

Since the zero‐sequence current is employed in the pro-
posed system, the three‐phase currents of OW‐PMSG is
defined as following with the consideration of the zero‐
sequence.

8
>>>>>>><

>>>>>>>:

ia ¼
ffiffiffi
2
p
I sin ωGtþ i0

ib ¼
ffiffiffi
2
p
I sin

�

ωGt −
2
3
π
�

þ i0

ic ¼
ffiffiffi
2
p
I sin

�

ωGt þ
2
3
π
�

þ i0

ð4Þ

where I is the amplitude of the positive‐sequence current of
the phase winding, and i0 is the zero‐sequence current.

Thus, the instantaneous power of OW‐PMSG flowing into
the inverters on both sides of the phase windings of OW‐
PMSG can be calculated as follows:

�
p1 ¼ uaia þ ubib þ ucic
p2 ¼ ua'ia' þ ub'ib' þ uc'ic'

ð5Þ

F I GURE 2 Schematic waveforms of the capacitor voltages of the
proposed system F I GURE 3 Equivalent circuit of the proposed generation system
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where ua, ub, uc and ua’, ub’, uc’ are the three‐phase terminal
voltages of the inverters INV 1 and INV 2. ia, ib, ic are the
phase currents that flow into the inverter INV1 and ia’, ib’, ic’
are the phase currents flows into the inverter INV2, where
ia = ‐ia’, ib = − ib’, ic = ‐ic’.

With the assumption that back‐EMFs of the phase wind-
ings are distributed equally to both ends, and the three‐phase
terminal voltages have the same zero‐sequence voltage u0,
then ua, ub, uc and ua’, ub’, uc’ can be expressed as follows:

8
>>>>>>><

>>>>>>>:

ua ¼
ea
2

−
Ria
2

−
L
2
dia
dt
þ u0

ub ¼
eb
2

−
Rib
2

−
L
2
dib
dt
þ u0

uc ¼
ec
2

−
Ric
2

−
L
2
dic
dt
þ u0

ð6Þ

8
>>>>>>><

>>>>>>>:

ua' ¼ −
ea
2
þ
Ria
2
þ
L
2
dia
dt
þ u0

ub' ¼ −
eb
2
þ
Rib
2
þ
L
2
dib
dt
þ u0

uc' ¼ −
ec
2
þ
Ric
2
þ
L
2
dic
dt
þ u0

ð7Þ

Then, equation (5) can be derived as follows:

8
>>>>>>>>>>>>><

>>>>>>>>>>>>>:

p1 ¼
eaia
2

−
Ri2a
2

−
Lia
2
dia
dt
þ u0ia þ

ebib
2

−
Ri2b
2

−
Lib
2
dib
dt

þ u0ib þ
ecic
2

−
Ri2c
2

−
Lic
2
dic
dt
þ u0ic

p2 ¼
eaia'
2

−
Riaia'
2

−
Lia'
2
dia
dt
þ u0ia' þ

ebib'
2

−
Ribib'
2

−
Lib'
2
dib
dt
þ u0ib' þ

ecic'
2

−
Ric'ic
2

−
Lic'
2
dic
dt
þ u0ic'

ð8Þ

Since the resistance and self‐inductance of the phase
windings of OW‐PMSG are extremely small, the power loss
could be ignored, and the equation (8) can be further simplified
as follows:
8
>><

>>:

p1 ¼
1
2
ðeaia þ ebib þ ecicÞ þ u0ðia þ ib þ icÞ ¼

3
2
EI þ 3u0i0

p2 ¼ −
1
2
ðeaia' þ ebib' þ ecic'Þ þ u0ðia' þ ib' þ ic'Þ

¼
3
2
EI − 3u0i0

ð9Þ

It can be seen that the power flows into the inverters can
be divided into two parts of DC component 3EI/2 and AC
component ±3u0i0, and the power flows to the capacitors and
AC load is equal to p1 + p2 = 3EI, which is the power
generated by the OW‐PMSG. The corresponding DC bias
voltage of the capacitor C1 and C2 is related to the positive‐
sequence current I. The AC component ±3u0i0 is the alter-
nating power, which will contribute to the sinusoidal fluctuation
of capacitor voltages, the zero‐sequence current i0 could be
employed to achieve the single‐phase AC voltage for the load.

3 | DUAL VOLTAGE‐LOOP CONTROL
ALGORITHM

On the basis of the above operation principle analysis of the
proposed three‐phase to single‐phase power generation system,
the DC bias voltage of the capacitors could be controlled by the
amplitude of the positive‐sequence current of the OW‐PMSG,
and the amplitude and frequency of the single‐phase output
could be regulated via the zero‐sequence current. Thus, the dual
voltage loop control algorithm is proposed and shown in
Figure 4, where the DC bias voltage and RMS value of single‐
phase AC power are controlled in the different loop, respectively.

In order to achieve independent dual‐loop control, the
feedbacks of DC bias voltage and RMS value of single‐phase

F I GURE 4 Dual loop control block diagram of three‐phase to single‐phase AC Power Generation System
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AC power are calculated according to the equation(1), with the
comparison of the reference ud0*, and the reference amplitude
of positive‐sequence current i* is obtained by the PI regulator.
Analogously, the reference amplitude of zero‐sequence current
i0* is also derived from another PI regulator for the error of
the reference RMS value of single‐phase AC power UL* and
the feedback voltage UL, which is calculated based on the
moving average method. The sampling frequency could be
regulated according to the frequency of the output voltage, and
the fixed number of the points could be saved for the RMS
value calculation per cycle. Then, the reference three‐phase
current ia*, ib* and ic* of PMSG could be obtained by the
current calculation.

The three‐phase current of the OW‐PMSG could be
expressed as follows:

8
>>>>><

>>>>>:

ia∗ ¼ i∗ sin ωGtþ i0∗ cos ωLt

ib∗ ¼ i∗ sin
�

ωGt −
2
3
π
�

þ i0∗ cos ωLt

ic∗ ¼ i∗ sin
�

ωGt þ
2
3
π
�

þ i0∗ cos ωLt

ð10Þ

According to equation(10), the reference three‐phase cur-
rent for the inner current loop could be calculated on the basis
of rotor position angle θ, where the electrical angular frequency
ωL of the single‐phase AC power could be set herein. Due to
the AC signals of the phase current, the P regulator is
employed herein for the inner current control loop to obtain
the reference of three‐phase voltages uA*, uB*, uC* of OW‐
PMSG. Although the deviation appears between the reference
current and feedback current, the proportion regulator
immediately produces the adjustment function to reduce the
current deviation, then the corresponding phase current could
be regulated by the P regulator. Moreover, the simple pro-
portional regulator could improve the bandwidth of the inner
current loop in order to match the dynamic performance de-
mand of the proposed system.

Then, the given terminal voltages of the dual inverters ua*,
ub*, uc* and ua’*, ub’*, uc’* can be calculated by the voltage
allocation module in terms of equations (6) and (7) as follows,
then the dual SPWM module is employed to generate PWM1
and PWM 2 for the dual inverter.

8
>>>>>><

>>>>>>:

ua∗ ¼
uA∗

2
þ u0

ub∗ ¼
uB∗

2
þ u0

uc∗ ¼
uC∗

2
þ u0

ð11Þ

8
>>>>>><

>>>>>>:

ua'∗ ¼ −
uA∗

2
þ u0

ub'∗ ¼ −
uB∗

2
þ u0

uc'∗ ¼ −
uC∗

2
þ u0

ð12Þ

where, uA*, uB* and uC* are the output of the inner current
loop. It can be seen that the frequency of the single‐phase
AC power has no relation to the speed of the OW‐PMSM,
and it is just determined by the frequency set of the zero‐
sequence current. u0 is set and added to the given terminal
voltages of the dual inverters, and frequency of u0 is equal to
that of the single‐phase AC power, and the amplitude is
determined by the voltages of the DC link capacitor. The DC
bias voltage of the capacitors should also set the suitable
value to match the demand of the single‐phase AC power
according to the constraints of the capacitor voltage. The
capacitors in the proposed system do not play the DC‐link
capacitor role; the capacitance could be reduced to decrease
the volume and the film capacitor could be adopted to
achieve the impact system. Moreover, since the single‐phase
AC voltage is determined by the voltage difference of the
capacitors for the dual inverter, not only the additional
inductive filter is not needed here for the voltage ripple
mitigation, but also the different types of the load almost
have no way effect on the output voltage. Thus, the
high‐quality single‐phase AC power could be obtained from
the proposed OW‐PMSG system.

4 | SIMULATION ANALYSIS

In order to verify the feasibility and output performance of the
proposed three‐phase to single‐phase AC power generation
system with the dual loop control algorithm, the simulation
model of the proposed system is built by the software Matlab.
The parameters of the proposed system are shown in Table 1,
where the output single‐phase voltage is set as 50Vrms, and the
frequency is 50 Hz, the DC bias voltage of the capacitor is
set as 230V in order to match the voltage demand of the
single‐phase AC power, and the voltage bias for PWM gen-
eration of the dual inverter is 150V. The film capacitors with
the rated voltage of 1200V are employed herein.

TABLE 1 Parameters of the proposed system

Parameters Values

Output voltage/Vrms 50

Frequency of the output voltage/Hz 50

DC bias voltage of the capacitor/V 230

Film capacitor of C1 and C2/μF 45

Load Resistance/Ω 30

Speed/rpm 1000

Pole pairs of the PMSG 2

The resistance of the phase winding/Ω 0.507

Self‐inductance of the phase Windings/mH 5

Switching frequency/kHz 10

Rotor flux/Wb 0.3526

Abbreviation: PMSG, permanent magnet synchronous generator.
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The simulation waveforms of the three‐phase to single‐
phase AC power generation system in the steady status are
shown in Figure 5, where Figure 5(a) shows the capacitor
voltages on the DC sides of the inverters INV1 and INV2. The
parameters of the dual PI regulators are shown in Table 2,
where kp and ki indicate the proportion and integration gain,
respectively.

It can be seen that u1d and u2d are two sinusoidal
waveforms with a phase shift of 180°, and the DC bias
voltage is 230V following the reference value set in Table 1.
Figure 5(b) is the output voltage on the single‐phase side.
The peak value of uL is about 70V with a frequency of
50 Hz, the total harmonic distortion (THD) of the voltage is
only 1%, shown in Figure 5(c). Due to the voltage source
output property, the harmonic voltage of the output is rela-
tively small and the high‐quality output single‐phase power
could be obtained.

In the dynamic processing of the load changing condition,
the simulation waveforms of the capacitor voltage u1d and u2d,
the output voltage uL and the load current iL are shown in
Figure 6 and Figure 7, when the load is changing at 0.2 s.
Figure 7 shows the waveforms in the load step‐up processing
from 0 to 30 Ω, the amplitude of the capacitor voltage and the
output voltage has a transient drop at 0.2 s and it can be
regulated to the normal state in a very short time as shown in
Figure 6(a) and Figure 6(b). In Figure 6(c), the peak value of
load current is about 2.3 A. In the load step‐down processing
from 30 to 0 Ω at 0.2 s, the capacitor voltage and the output
voltage exceed the reference value about 10 V shown in
Figure 7(a), and it takes about two cycles of the output voltage
to regulate u1d, u2d and uL to be in good accordance with the
reference value.

Figure 8 and Figure 9 illustrate the simulation results of
the proposed system in the conditions of speed variation
from 500 r/min to 1200r/min in 200 ms. The simulation
waveforms of the speed and three‐phase voltage are shown in
Figure 8(a) and Figure 8(b) with the speed variation from

1200 r/min to 500 r/min. Although the output voltage of
OW‐PMSG varies according to the speed variation, the
waveforms of the output voltage and its RMS value could
maintain constant with almost no changes. Figure 9 shows
the simulation waveforms of the proposed system with a
speed variation from 500 r/min to 1200 r/min in 200 ms.
When the motor speed rises, the amplitude and frequency of
the back‐EMF increases in Figure 9(a), while the output
voltage uL does not fluctuate according to the generator
speed variation as shown in Figure 9(c) and (d). It can be
seen that the proposed three‐phase to single‐phase power
generation system has excellent dynamic performance when
the frequency of the three‐phase AC power is in the variation
condition, and the corresponding three‐phase to single‐phase
power generation system are well suitable in the emergency
generation applications, where the generators are connected
to ICE directly.

5 | EXPERIMENT RESULTS

The experiment platform of the three‐phase to single‐phase
power generation system based on the 1.5kW OW‐PMSG is
built to verify the validity of the proposed control strategy,
as shown in Figure 10, the OW‐PMSG is connected to the
prime motor as the generator unit, where a 1.5kW PMSM is
employed to emulate the engine. The control system of the
proposed system is based on the real‐time simulator named
AD5435, where the simulation model of the dual control
algorithm by the software Matlab/Simulink could be adopted
directly. The online parameters regulation and simple
detection and display are achieved by the host computer.
The dual SPWM module generates the driving signals
PWM1 and PWM2 to the dual inverter, which regulates
the voltage and frequency of the single‐phase AC power.
The parameters of the proposed system are the same as
those shown in Table 1

Figure 11 and Figure 12 show the experimental waveforms
of the capacitor voltage u1d and u2d, the output voltage uL and
the RMS value of the proposed system. The capacitor voltages
are controlled in sinusoidal waveforms with a DC bias voltage
and the opposite phase angle by the dual control algorithm.
The output single‐phase voltage uL is of preferable waveform
quality, as well as a stable frequency of 50 Hz. The THD of the
output voltage is extremely small, only 1.93% as shown in
Figure 11. Figure 12 depicts the waveforms of the output

F I GURE 5 Simulation waveforms of the proposed system in steady status (a) Capacitor voltage, (b) Output voltage, (c) THD analysis

TABLE 2 Parameters of the PI regulators for the dual voltage control

Controller Parameters Values

DC bias voltage kp1 0.02

ki1 0.05

RMS value of single‐phase power kp2 0.01

ki2 0.005
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single‐phase voltages at 20 and 100 Hz, respectively. It can be
seen that the high‐quality single‐phase AC voltage obtained,
and the frequency has no effect on the output of the proposed
system.

The dynamic process of load changing of the proposed
system has also been implemented, and the single‐phase
voltage and load current waveforms are shown in Figure 13,
where the single‐phase load changes from 0 to 30 Ω. In the
load step‐up process, the amplitude of single‐phase voltage uL
drops slightly and could be regulated to the reference value
rapidly as shown in Figure 13(a). Figure 13(b) shows the
waveforms in the load step‐down process, although the output
voltage uL has a small scale increase over the reference value, it

F I GURE 6 Simulation waveforms of the system under load step‐up condition (a) Capacitor voltage, (b) Output voltage, (c) Load current

F I GURE 7 Simulation waveforms of the system under load step‐down condition (a) Capacitor voltage, (b) Output voltage, (c) Load current

F I GURE 8 Simulation waveforms of the system under speed variation condition (a) Speed, (b) phase voltage, (c) Output voltage

F I GURE 9 Simulation waveforms of the system under speed variation condition (a) Speed, (b) phase voltage, (c) Output voltage

F I GURE 1 0 Experiment platform of the proposed system
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F I GURE 1 1 Experiment waveforms of output single‐phase power at the frequency of 50 Hz (a) experimental waveforms of u1d, u2d, uL and the RMS
value, (b) THD of uL

(a) (b)

F I GURE 1 2 Experimental waveforms of the capacitor voltage, output single‐phase voltage with different frequency (a) 20 Hz, (b) 100 Hz

F I GURE 1 3 Experimental waveforms of the output voltage and the load current in the load changing conditions (a) Load step‐up from 0 to 30 Ω, (b) Load
step‐down from 30 Ω to 0

F I GURE 1 4 Experimental waveforms of the output single‐phase voltage with the speed increasing. (a) speed increases from 500 r/min to 1200 r/min
within 1.5 s, (b) speed decreases from 500 r/min to 1200 r/min within 0.2 s
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can also be regulated back to the given value in 20 ms. The
experiment results are in good accordance with the simulation
waveforms shown in Figures 6 and 7.

Figure 14 and Figure 15 show the experiment waveforms of
the output single‐phase voltage when the generator speed varies
from 500 r/min to 1200 r/min in 1.5 and 0.2 s, respectively. In
Figure 14(a), the speed of OW‐PMSG steps‐up from 500 r/min
to 1200 r/min in 1.5 s, the amplitude of the output voltage uL
could be maintain to be constant. When the speed of OW‐
PMSG steps‐up from 500 r/min to 1200 r/min in 0.2 s,
although the accelerated speed increases and the speed of OW‐
PMSG is not exactly steady due to the speed control of the
prime motor, there is almost no variation of the output voltage
uL shown in the envelope curve of Figure 14(b) when the speed
ripple is about 30 r/min. In the speed step‐down processing,
the excellent dynamic performance of the proposed output
voltage could also be obtained as shown in Figure 15. It can be
seen that the proposed three‐phase to single‐phase AC power
generation system based on the OW‐PMSG has excellent
steady and dynamic performance, and the output voltage is in a
good sinusoidal curve for the specific application where single‐
phase power quality is of great consideration.

6 | CONCLUSION

In this study, a high‐quality three‐phase to single‐phase AC
power generation topology without LC filters based on the
open‐winding PMSG is given for the standalone power system,
although the topology of the proposed system is similar to that
the traditional OW‐PMSM system with common DC bus, the
positive points of the dual inverter are opened to achieve the
output of single‐phase AC power. The specific operation
principle of the proposed single‐phase AC power generation
has been analysed in detail on the basis of the power flowing
analysis, and the corresponding dual control algorithm with the
separated positive‐sequence and the zero‐sequence current
regulation are deduced for the regulation of the DC bias
voltage and output single‐phase voltage. The amplitude and the
frequency of the output voltage can be regulated flexibly.

Due to the voltage source characteristic of the output
single‐phase AC power, high‐quality sinusoidal waveforms

could be obtained without any traditional LC filter that is
necessary for the conventional single‐phase inverter. Moreover,
the high steady and dynamic output performance of the pro-
posed system has also been verified by the simulation and
experiment results, and the stable output single‐phase AC
power over a wide speed range and different load conditions
could be achieved. Although only the prototype system is
proposed herein, the property of high performance of the
three‐phase to single‐phase AC power generation system will
be attractive in several applications where the power quality of
the single‐phase power is of great consideration.
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