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Virtual-Flux-Based Predictive Direct Power Control
of Three-Phase PWM Rectifiers
With Fast Dynamic Response
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Abstract—This paper proposes a power predictive control (PPC)
method for three-phase pulse width modulated rectifiers without
a proportional-integral controller. The proposed PPC method cal-
culates the optimized voltage vector by analyzing the relationship
between the virtual flux, active power, converter voltage, and fil-
ter parameters. Thus, an overshoot does not occur and the fast
and accurate power control becomes possible. The predictive al-
gorithm computes the power error that would be produced by
applying each vector and selects the one that contributes the mini-
mum error. The simulation and experimental results prove that the
proposed method provides an excellent steady-state performance
and quick dynamic response.

Index Terms—AC/DC power conversion, direct power control,
power predictive control (PPC), pulse width modulation (PWM)
rectifiers, space vector modulation (SVM), power ripple reduction,
virtual flux.

I. INTRODUCTION

ONVENTIONAL AC/DC converters usually use a diode
C rectifier. The diode rectifier is simple, robust, and low
cost. However, while containing many low-order harmonics, the
diode rectifier requires a separate device to process the surplus
energy on the load side. Because of this disadvantage, a pulse
width modulation (PWM) converter with a switching device is
used instead of a diode rectifier. Because a three-phase PWM
converter (see Fig. 1) can sinusoidally control the input current,
the converter can reduce the harmonic components of the input
current and control the phase of the input current for the input
voltage. In addition, not only can the converter maintain a stable
dc-link voltage for the load change, but it can also regenerate
the surplus power from the load side toward the ac source, thus
achieving high efficiency and a high power factor (PF). Active
research regarding the control method of the three-phase PWM
rectifier is being conducted [1]-[3].
Four control methods for the three-phase PWM rectifier
are available [1]: voltage-oriented control, voltage-based direct
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Fig. 1. Three-phase PWM rectifier system.

power control [4], virtual-flux-oriented control, and virtual-flux-
based direct power control (VF-DPC) [1]. Among them, the
VE-DPC is similar to direct torque control that is used for mo-
tor drives. Because VF-DPC does not require processes such as
reference frame transformation, and phase lock loop is possible
through the virtual flux, it is an algorithm that is simple for
applications [5]-[8].

The VF-DPC calculates the active and reactive powers by
measuring the input current and the estimated virtual flux, and
instantaneously performs power control by using the hysteresis
comparator and the switching table. Some of the most promi-
nent advantages of this method are fast and excellent power
dynamics during an abrupt change of the load or changes in the
instantaneous reference with low sensitivity to nonideal supply
voltages, and the lack of a pulse width modulator [5]. However,
there are also some disadvantages: the magnitude of a power
ripple is dependent on the magnitude of the dc-link voltage, a
high sampling frequency is needed for digital implementation
of hysteresis comparators, and the switching frequency varies
according to the load condition. In addition, it is very difficult
to realize because a very-high-performance processor is needed
in order to have a very fast control period.

The usage of limited number of voltage vectors is insufficient
in accurate power control. Then, a space vector modulation
(SVM)-based DPC scheme has been proposed, which shows
to be an effective method to reduce the power ripple [9], [10].
In the proposed method, an optimal reference voltage vector is
calculated and applied to the machine using SVM. Not only can
this method (produced by the reference voltage vector through
the PI controller from the error between the active and reac-
tive powers) effectively reduce power ripple, but it also has the
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advantage of a fixed switching frequency. However, the dynam-
ics that correspond to the abrupt load change need to adjust an
adequate gain owing to influence from the gain of the PI con-
troller. In addition, the dynamic response is slower than that of
a conventional VF-DPC.

Recently, a model predictive direct power control (MPDPC)
algorithm that incorporates the conventional VF-DPC algorithm
with the model predictive control (MPC) algorithm has been
proposed [11]-[16]. The MPDPC can achieve a good steady-
state performance and quick dynamic response by selecting
the optimal voltage vector. This minimizes the error between
the reference power and the actual power. The optimal voltage
vector is determined by a control scheme that minimizes the
cost function. The cost function used in the MPC for power
control generally consists of the sum of the square or absolute
values from the error term of the active and reactive powers,
and it is used to find an appropriate control input from the finite
input set.

However, as with the VF-DPC, because the MPDPC applies
one voltage vector for one control period, the active and reac-
tive powers ripples increase [12]. Therefore, even though there
are increasing numbers of studies on control techniques that
divide voltage vectors for application in the system and which
require precise control, this approach requires a large amount of
calculation [17]-[19].

In this paper, a power predictive control (PPC) is proposed
[20], [21] that discards the PI controller, and switching look-
up table. This PPC analyzes the relationship between the grid
voltage, virtual flux, power, and converter voltage, and selects
the optimized voltage vector to apply the rectifier switching
through SVM. The proposed method does not need the PI gain
adjustment required by a conventional DPC-SVM. The pro-
posed method can accurately perform the VF-DPC without an
overshoot by applying voltage through the mathematical calcu-
lations, which results in excellent dynamics. The effectiveness
of the proposed algorithm is verified by results obtained through
simulations and experiments.

II. VIRTUAL-FLUX-BASED PREDICTIVE MODEL
A. Virtual Flux and Power Estimation

Fig. 2 illustrates the vector diagram and coordinate axes under
steady-state operating conditions. The a-(3 reference frame is a
stationary reference frame, whereas the d-q reference frame is
arotating frame that is synchronized to the virtual-flux A .. The
grid voltage ur, (= [uz, urs]’) and the Ar, (= [Ara Ars]?)
equations in the stationary reference frame are

. di

ug = Rip + L5 4 teony (1)
dt

AL = /uLdt:/(uconv +RZL) dt + Lay, 2)

where Ucony (= [Uconva Uconvs]’ ) is the converter ac-side volt-
age, ir, (= [iza irs)7) is the line current, R is the line resis-
tance, and L is the line inductance. The «-3 components of
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Fig. 2. Reference coordinates and vectors.

the ucony can be obtained from the dc-link voltage Uy, and
the duty cycles of converter switching (D,, Dy, and D.) as

follows [12]:
[ Uconva
| Uconvj

= -( 2/3) Ude (Dar - 1/2 (Db * DC)) .3
(1/v2) Uae (Dy = D)

Ucony =

For sinusoidal and balanced voltage, neglecting the R =
0, the instantaneous active power P and reactive power Q
in a stationary frame is given by (4) and (5), respectively
(61, [12]

P= wlAp xip|=wArairs — Arpira) 4)
Q= wr- L) =w(Araira +Arrsirg) (5)

where w is the angular frequency of A ..

B. Relationship of Voltage Vectors to the Active Power

In the analysis, the stationary reference frame is used. The
PPC is based on time-varying instantaneous power. The active
power differentiation is calculated from (4) as

diLﬂ diLa d)\Lﬂ . >
- Wa | -

P _ () ding
W M dt dt
(6)

dt dt dt
From (1) and (2), the changing rates of Az, and 2, according
to time t, are as follows:

d)‘-La .
i3 — ALg

d diLu
—ALa = Uconva Ri @ L = « 7
ar U + Ripo + o ur, @)
d ‘ dirgp
—ALg = Uconvf R Jé L—F = £ 8
s = Ueonvs + Rirg + L—p= =uLp ®
diga 1 )
L = - (uLa — Uconva — RZL(!) (9)

dt L
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dipp 1 .
dt = Z (uLﬁ — Uconvp — RZL[?) .

Substituting (7)-(10) into (6), the differentiated power with
respect to ¢ is

(10)

dP . S 1 (
— = w | ULalg —ULBILa o= (U3 — Ucony,
I LalLp LBUL Lap (ULp 8
. 1 .
- RZLﬁ) - )\L@E (uLa — Uconva — RZLa) . (11)
By rearranging (11), the following equation is obtained:
dP w ) .
priali s ((*po — Liga)urpg — (App — Lirg) urq)
R w
- EP - E ()\La Uconvp — )\Lﬁuconva) . (12)

By determining the value of uy,, Ay, and 2z, it is possible to
control the active power toward a desired value by controlling
voltage Ucony -

III. PREDICTIVE CONTROL OF POWER

The DPC method based on SVM calculates the reference
voltage vector u* from the errors in active and reactive pow-
ers; using these values, the converter operates using the SVM
method [9]. Two main advantages of the SVM method can be
realized: fixing the sampling period and realizing continuous
voltage vectors. However, because the conventional DPC-SVM
method uses the PI controller to calculate the control angle and
the magnitude to the w*, an overshoot can occur in the power
if the gain value of the PI controller is not adequately adjusted.
In this paper, the proposed PPC-SVM method, which does not
choose the voltage vector using the PI controller such as the
conventional DPC-SVM, analyzes the relationship between P,
ur, AL, tr, and Ucony. Based on the mathematical equations,
this method controls powers through the calculation of the V'*;
hence, the accurate active power control becomes feasible and
has excellent dynamic characteristics.

A. Proposed Power Predictive Control Strategy

Let the converter flux be Acony ( = [Aconva Aconv ﬂ]T). From
(7) and (8), neglecting the voltage drop on line resistance, the
increment of A.ony can be calculated as

Aconva = /(ULQ — RZLa)dt — LZ'LQ
~ /umdt — Ligg = (hpo — Lire)  (13)
Aconvi = /(UL@ — Ripg)dt — Lipg

Q

/'I.LLgdt—LiLg =~ ()\Lﬁ —LiLg). (14)

Therefore, by substituting (13) and (14) into (12)
d p w

@ = Z ()Vconva'uLﬁ - )"COHVﬂuL“)
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R

w
_EP - Z ()LLauconvﬂ - )\L‘@uconva) .

Suppose that during one DSP the control period 7. On the
basis of (15), we can deduce the change rate of P, which are
influenced by the Ucony as follows:

15)

o
L
R w

— —P - i3 ()‘Lauconvﬂ - )\L‘S’uconva)) T

AP:(

()\cnnva urp — )\'COHV fuL(y)

L
“ R
= (L ()‘convauLﬁ - A.COHV‘GUL(!) — LP>

w
'T‘;_*A’ X conv'Ts
s = 7 AL X tcony]

w R
- E ()\conva’uLﬁ - )“COHV@’U/LO.') - LP)

Ts - % ‘A'L| : ‘uconv| sin @ - Te- (16)

Let the magnitude of reference voltage vector w* is the max-
imum voltage that can be generated from the converter during
T,. From (16), the angle of ©4* can be obtained as follows:

)

A7)

0* = arcsin

% _AP+ (%)\convauLﬁ - )VconvﬂuLa - %P)
% |)~L| : |uc0nv| : T9

The purpose of the angle is to decide the proper direction of
w* for driving the power error AP to zero.

B. Power Ripple Reduction Method

The w* is obtained previously. The magnitude of »* that can
be chosen in the converter will be restricted. Its restricted use of
the voltage vector is unsuitable for accurate power control. In
particular, the magnitude of the power ripple is influenced by the
voltage magnitude of the dc link such as VE-DPC. The proposed
power ripple reduction method of the PPC-SVM is a two-step
design. The first step, as shown in Fig. 3, is to determine the
magnitude of the reference voltage in the d-axis u; by using
converter flux error Aoy, to apply the nonzero voltage vector
ug as required by the converter flux control. Then, the second
step is to modify the reference voltage vector u}, 4, Which
was previously determined by predictive ©*, by calculating the
angle and the magnitude of w* that possess AP of the same
amount within the magnitude of u. The predictive algorithm
computes AP by applying each vector and selecting the one that
contributes to the minimum error. From (13) and (14), Aconv
can be processed as an integration of uconv. Neglecting the
voltage drop on line resistance, the magnitude of the voltage
vector required for the flux control can be obtained as

*
N
Umod = ¥

Uq

- A)L(:onv Ts_l

(18)

|w*| sin 0*
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Fig. 3. Power ripple reduction strategy.
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Fig. 4. LPF with compensation.
TABLE I
AREA VOLTAGE VECTOR
Converter Flux Active Power Selected Areas
Aconv | Pl Area I
Aconv | P Area Il
Avconv l P T Area IIT
Aconv T P Area IV
The converter flux error can be defined as
*
A)W:onv = )"conv - |xconv | . (19)

The acquired magnitude of uy, 4 is set by the magnitude of
uy and uy. By using the previously obtained u* and Alcony, the
magnitude and angle of u}  , that produce the same variation
in active power can be obtained by using the trigonometric
equation as follows:

* % «\2
ioal = \/(u)? + (u3)
= \/(A)"0011\rT571)2 + (‘U*| sin 6*)2 (20)
0 noa = arcsin (|u*u| sin 9*) . (21)
mod
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Fig. 5. Phase plane division for control of active power and converter flux.
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Fig. 6.  Control of the converter flux.

The voltage vector that ensures minimum power ripple is
selected based on the PPC-SVM algorithm.

C. Virtual-Flux Estimation

Estimating the virtual flux has been investigated in many
works [8], [22], [23]. In this paper, a simple and effective method
for Ap, estimation is employed. This method was introduced
in [22] and [23]. In practical digital implementation, the pure
integration in (2) is sensitive to dc drift in the input. A natural
method is to incorporate a high-pass filter (HPF) behind the pure
integrator. This is equivalent to implementing a low-pass filter
(LPF). Although the introduction of an HPF eliminates the dc
drift, it also results in errors in both magnitude and phase. The
amplitude and phase errors between the pure integrator and LPF
in the steady state of a sine waveform are obtained as follows:

2 2
AG = V¥

(22)
w

w W,

Af = arctan — — — = — arctan —

w

o 2 (23)
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Fig. 7. Block diagram of the PPC-SVM.
where w is the synchronous frequency of A, and w, is the cutoff TABLE IT
.. IMULATI PARAMETER
frequency of the LPF. To eliminate the steady-state errors caused SIMULATION S
by the LPF, a compensation term is needed, i.e.
Parameter Value
2 2
\w w . we ,
G = AGed? = #e— arctan £ _ 7 ﬂ (24) Line-line voltage [U;, ;] 380Vims
w Jw Grid frequency [f] 60 Hz
. Line resistance [R] 50 mQ2
To improve the performance, the cutoff frequency should vary Line inductance [L] 10 mH
with the grid frequency w, i.e., w. = kw, where k is typically DC-link voltage [Us.] 600V
DC-link capacitor [C] 1700 uF

chosen as k = 0.1...0.5. The transient behavior is good if k
is small, but a higher value of k allows more dc offset in the
measurements. Pure integration is achieved by choosing k = 0.
The synchronous frequency w can be calculated from A, as

_ AL XpAr _ AraUrp —ArpUra
||)‘L||2 )"%u + )“%J

(25)

where p is the differential operator. The structure of the Ar,
estimator is shown in Fig. 4. The compensation is carried out
before the LPF component to improve the dynamic performance.
The simple complex-valued compensation gain is used instead
of calculating the phase error and the gain error as in [23].

D. Control of the Converter Flux

The A1, synchronized to the d-q reference frame is shown in
Fig. 2. The d-axis represents the Ay, and the g-axis represents
the P. These two dotted lines split the d-g reference frame into
four quadrants, as shown in Fig. 5. Each zone is characterized
by the sign of the P and A.onv as shown in Table I. When the
Ueony 18 located inside one of them, the P and A.ony can be
increase or decrease depending on selected areas. For example,
when both of the P and A.,nv nNeed to be increased, the selected
voltage vector is located in the area I'V.

Angle 0, ofuZ . in(21)ensures an accurate control of the
P. Fig. 6 shows the relationship between u}, , 4, A, and Aconv -
When P decreases, Aconyv leads Ap by angle §. By contrast,
when P increases, Acony 1ags Az by angle §. Additionally, if the
phase difference between u}, 4 and Acony is within +90°, the
magnitude of Acony increases; otherwise, it decreases. Hence,
the angle of uy, 4 to control Aconv can be determined in the
following manner:

1) the magnitude of Acony must increase, AG* = 0%

2) the magnitude of A¢ony mustdecrease, AG* = m — 0% ..

The w4 angle of the proposed PPC becomes Af*. There-
fore, after obtaining the angle increment, the output reference
voltage vector V'* can be expressed in the following equation
in polar coordinates as

V= | (26)

NGRS
mo °

The final selected reference voltage vector can be synthesized
by using two adjacent voltage vectors and zero voltage vector.

E. Block Scheme of Predictive Power Control

The block scheme of the virtual-flux-based PPC-SVM system
is shown in Fig. 7. First, the output current is detected to calcu-
late 2z, in the stationary reference frame. In addition, w, can be
obtained from (1) and (3). Then, in the virtual flux and power
estimation block, P, Q, and A, are estimated using (4), (5), and
(25). The process of calculating the Ar, is clearly presented in
Fig. 4. In the predictive control block, the angle of w* that sets
AP to zero is calculated, where the maximum duty of obtained
from P*, P, Aconv, and AP by calculating (17). This angle is
the phase difference between ©* and A . From the ripple mini-
mization controller, the magnitude of modify reference voltage
vector is determined by Al.,,y and u* using (18), and w* is
corrected by recalculating the magnitude and angle of u}, 4 us-
ing (20) and (21). The converter flux controller create the final
V* using the hysteresis control technique with calculated u}, 4,
0*, and A)copny . Finally, the recreated V'* is used to control the
converter switching using the SVM method.

Using such a method, power control for reducing power ripple
can be performed. In the case of the control for the reactive
power Q, if the reference value of A¢ony and the value of A,
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Fig. 8. Simulation result under step change of the reference power: (a) conventional DPC-SVM and (b) proposed PPC-SVM.
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Fig. 9. Simulation results of active power and reactive power for the proposed PPC-SVM: (a) L = 5 mH, (b) L = 10 mH (real value), (c) L = 15 mH, and (d)

L =20 mH.
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Fig. 10.  Simulation result of the active power step response for the proposed PPC-SVM: (a) L = 2 mH, (b) L = 5 mH, (c) L = 10 mH (real value), and (d)
L =20 mH.

are the same, Q is controlled to become 0. On the other hand, it
is possible to perform the reactive power control by varying the
reference value of Aoy in order to increase or decrease Q.

IV. SIMULATION RESULTS

The system was simulated using the PSIM software tool to
prove the effectiveness of the proposed control method. The
simulation was carried out under the conditions listed in Table II.

The sampling time for the PPC-SVM control scheme is
128 s, and the switching frequency of the converter is set
to 7.8 kHz in accordance with the experimental setting. In order
to perform the control with Q as 0, the simulation was carried
out by setting the reference value of A.onv and the value of A,
to be the same.

Fig. 8 shows the simulation results of the power dynamic
control performances of the conventional DPC-SVM and the
proposed PPC-SVM with a power step that changes from 0 to
2 kW at 0.15 s and from 2 to 1 kW at 0.35 s. As shown in
Fig. 8 (both power control strategies), because the proposed
method’s dynamic performance takes 2 ms, it is 8 ms faster
(approximately four times) than the conventional DPC-SVM
without the overshoot.

To examine the robustness of the proposed PPC-SVM, a se-
ries of simulations are completed where the line inductance is
different from the real value. These results are shown in Fig. 9.

It is seen that if the inductance value used in the control is 50%
of the real value [see Fig. 9(a)], the ripple in the active and
reactive powers will be almost the same. On the other hand, if
the inductance value used in the control is increased to 100%
[see Fig. 9(d)], the active power ripple increases from 100 to
300 W (a threefold increase). For the reactive power, the ripple
increases significantly from 100 to 600 Var (a sixfold increase).

Fig. 10 shows the response of the active power for the pro-
posed PPC-SVM when the actual inductance in control differs
from the real value. Fig. 10(a) and (b) shows the value of the
control parameter is smaller than the actual inductance. In that
case, the magnitude of power ripple is almost same as Fig. 10(c),
but the power dynamics decrease in the transient-state interval.
On the other hand, Fig. 10(d) shows the value of the control
parameter is larger than the actual inductance. In that case, the
power dynamic response is similar to Fig. 10(c), but the mag-
nitude of power ripple is increase. Therefore, it is possible to
adjust the control response though the changing the L value.
Through the simulation results although the difference in the in-
ductance value affects the system performance of the proposed
PPC-SVM it is verified that the difference of the inductance,
from —20% to 200%, does not affect the stability of the system.

Fig. 11 shows the dc-link voltage transient value when an
external load (2 kW) is applied to the dc link at 0.15 s. The dc-
link voltage only decreases by 5 V after the load is connected,
and its reference is achieved again in only 0.1 s after the load
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Fig. 11. Simulation result of the step change of the load in the proposed
PPC-SVM.
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Fig. 12.
voltage.

Simulation result of the proposed PPC-SVM under unbalanced grid

change, thus a good voltage regulation is ensured. It is seen that
during this dynamic process showing strong robustness against
external load disturbance.

Fig. 12 shows the simulation results for the proposed PPC-
SVM when the unbalanced grid voltages. From top to bottom,
the curves shown in Fig. 11 are active power, three-phase grid
voltages, and three-phase grid currents. The amplitude of the
three-phase line to line voltage is 240 V,p(rms)> 220 Vie(rms)»
and 220 V4 (rms), respectively. When the grid voltages unbal-
anced, although the grid currents are distorted, active power still
tracks reference well. The result proves that the proposed PPC-
SVM can work well under both balanced and unbalanced grid
condition.

V. EXPERIMENTAL RESULTS

The proposed control strategy was further validated by an
experiment that used a laboratory setup, as shown in Fig. 13. The
setup consists of the following devices: a three-phase intelligent
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Fig. 13.  Experimental setup of ac/dc PWM converter.

insulated-gate bipolar transistor power module as the inverter,
a dc power source, and a three-phase L filter. A DSP 28346
control board was employed to implement a real-time algorithm
coding using the C language for the control. The parameters of
the experiment were the same as those presented in Table II.

It is a comparison of the number of clock that is consumed at
the time control of the proposed method and the conventional
method. According to the comparison, the number of clocks of
the conventional algorithm is 5175, and the number of clocks
of the proposed algorithm is 4758. Because the clock speed of
TMS320C28346 is 300 MHz, the calculation time decreases
from 17.25 to 15.86 us, which is by about 9.2%. Thus, the
complexity in terms of the calculation of proposed PPC-SVM
is smaller than of the conventional DPC-SVM.

Fig. 14(a) and (b) shows the dynamic responses of the conven-
tional DPC-SVM and proposed PPC-SVM, respectively, when
the reactive power is controlled at O Var and the active power is
varied from 0 to 2kW at 0.15 s and from 2 to 1 kW at 0.35 s. The
figures show the active power P, reactive power Q, and a-phase
line current ¢4. As shown in Fig. 14(a), it takes 11 ms for the
dynamic performance to reach the reference value without the
existence of an overshoot. It is possible to adjust the response
by the gain tuning the PI controller. However, if the response
becomes faster, the overshoot increases; if the overshoot de-
creases, the response becomes slower. Therefore, some type of
tradeoff must take place. However, in Fig. 14(b), because the
proposed method’s dynamic performance takes 4 ms, it is 7 ms
faster than the conventional DPC-SVM without the existence
of an overshoot. As a result, when the reference power shifts,
the arrival time changes from 11 to 4 ms, indicating that the
response time of the proposed PPC-SVM is reduced by 36%
compared with the conventional DPC-SVM.

Fig. 15 shows the experimental waveform for the case where
the inductance value in control is different from the actual in-
ductance value (10 mH). This is carried out in order to verify the
robustness of the proposed PPC-SVM. The figure shows the ex-
perimental waveforms when the inductance values in control are
—50% and 200%. As shown in Fig. 15(a) and (b), both active and
reactive powers will be almost the same. If the inductance value
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Fig. 14.  Experimental result under step change of the reference power: (a) conventional DPC-SVM and (b) proposed PPC-SVM.
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(d) L = 20 mH.
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Fig. 16.  Frequency spectrum of the line current: (a) conventional DPC-SVM

and (b) proposed PPC-SVM.

used in the control are 150% and 200%, the ripples of active
and reactive power increase significantly, as shown in Fig. 15(c)
and (d), respectively. However, the unit power factor opera-
tion is maintained. From Fig. 15, it can be said that although
the steady-state performance deteriorates when the inductance
varies, the proposed algorithm is still stable and controllable
at least in the range from —50% to 100% of inductance vari-
ations. To maintain the control performance, it is better to use
an online inductance identification technique, as shown in [12]
and [24].

The frequency spectra for line current using different control
strategies are shown in Fig. 16. It can be seen that the magnitude
of third harmonic of the proposed method is smaller than that of
the conventional method, but the magnitude of fifth and seventh
harmonics of the proposed method slightly increase.

The proposed PPC-SVM is compared with the conventional
DPC-SVM in terms of efficiency, PF, and total harmonic distor-
tion (THD) of 2,, as shown in Fig. 17. Fig. 17(a) and (b) shows
that the proposed method exhibits a slightly higher efficiency
and PF than the conventional method. However, the THD of the
proposed method is higher than that of the conventional method
in the low power region, as shown in Fig. 17(c).

Fig. 18 shows the experimental waveform for the responses
to external load disturbance under the condition of the closed
dc-link voltage control. An external load of 2 kW is suddenly
applied to the PWM rectifier. From top to bottom, the curves
shown in Fig. 18 are dc-link voltage, active power, and line
current. There is only small drop in the dc-link voltage and it
returns to its reference value quickly without any undesirable
overshoot and oscillation, exhibiting strong robustness against
external load disturbance.

Fig. 19 shows the performance of the proposed PPC-SVM un-
der unbalanced and distorted voltage supply. Unbalanced three-
phase voltage supply is very common in a weak ac system. The
unbalanced phenomenon can be arising from single-phase loads
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Fig. 17. Comparison results of conventional DPC-SVM and proposed PPC-

SVM: (a) efficiency, (b) PF, and (c) THD of %y, .

that are unevenly distributed in the grid system. Actual grid volt-
ages during phase unbalance can be seen in the second waveform
of Fig. 19 and those voltages are the actual grid measurements
that the control system uses. As a result, it was confirmed that
the proposed algorithm can be controlled without problems even
under unbalanced ac mains voltages as seen in first and third
waveform of Fig. 19. The current has low-order harmonics like
fifth and seventh due to the grid voltage harmonics. Thus, the
three-phase grid currents are distorted and unbalanced. In order
to control the three-phase current to a sinusoidal wave, it is bet-
ter to use an unbalanced grid voltage compensation technique,
as shown in [25].
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VI. CONCLUSION

This paper proposed a PPC-SVM method with excellent tran-
sient performance. The PPC-SVM strategy has been discussed
based on the discrete-time state-space model. A power dynamic
equation is developed for the analysis of real-time power behav-
ior. The prediction scheme uses the changing rates, according
to time 7, in the virtual flux and the line current, together with
voltage vectors to achieve accurate power control. Unlike the
conventional DPC-SVM method, the proposed method without
the PI controller has an advantage in that the dynamics are im-
proved. The simulation and experimental results demonstrated
that the proposed method effectively improves the dynamics

compared to the conventional DPC-SVM.

Experimental result of the step change of the load in the proposed
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