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Abstract—  This paper proposes a  Three-phase
D-STATCOM with digital current control strategy in abc-
reference frame. The proposal D-STATCOM does not use a
PLL and the reactive power is transferred to the grid through
controlling the D-STATCOM output current. The current
controller has one zero and two poles. This type of controller is
also known as Type-2 controller. The procedure to tune the
controller is explained. The Conservative Power Theory (CPT)
is used to compute the reactive power of the loads. A case study
shows the behavior of the D-STACOM during initialization,
during load transitions and during steady-state conditions. The
results show the efficacy of the proposed D-STATCOM.

Keywords—D-STATCOM, abc reference frame, current
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I. INTRODUCTION

Reactive power circulation in electric system is under
concern since Steinmetz first identifies such power on his
apparatus in the nineteenth century [1]. So far, several
techniques were developed in order to compensate reactive
power produced or consumed by loads. Initially, passive
solutions like capacitor bank and Passive Tuned Filter (PTF)
addressed pretty well such purpose. However, ageing and
temperature cause parameter variations and, consequently,
deteriorate the efficacy of these filters. Additionally,
capacitors and PTF are usually designed for known loads. The
inclusion or removal of load may cause a mismatch in the
reactive power between the compensator and the loads.

Solution to overcome these issues were gradually
developed along the decades. Examples the Reactive
Thyristor Converter (RTC) and Synchronous Motor (SM).
SM can handle reactive power by adjusting the field current.
On the other hand, RTC is a thyristor-controlled converter and
allow variation in the voltage across its capacitor or inductor.
As a result, the reactive power produced or consumed by the
RTC can vary according to firing angles of the thyristors. The
RTC has the drawback of producing high current and voltage
derivates, irradiating electromagnetic pollution.

Despite the fact of the drawbacks afore-mentioned,
passive solutions, the RTC and SM are still a current choice
for reactive power compensation due to mainly their low
initial cost and robustness.

With the electronic advancement, reactive power
compensators based on IGBT-converter become common.
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Different topologies allow the conceiving of compensators
with a variety of features, such as voltage and frequency
regulation, operation at high switching frequency, soft
switching, power loss reduction and low volume output filters.
Afterwards, reactive power compensation of loads appeared
as an ancillary service of Distribute Generators (DG). This
means that a DG injecting its available active power and
simultaneously injecting reactive power.

One of the most common solution based on IGBT-
converter is the Three-Phase Distributed Static Compensator
(D-STATCOM) [2]-[4]. The D-STATCOM is able to
compensate reactive power at the point where it is connected.
Regarding control strategies, D-STATCOM 1is preferable
controlled in dg-rotating reference frame [5]-[24]. The reason
for using dq-rotating reference frame is because Proportional-
Integrator (PI) controllers may be employed to control AC
variables. The D-STACOM can be controlled in current or
voltage. In case the D-STATCOM is controlled in current, its
output current is 90-degree shifted related to the Point of
Common Coupling (PCC) and such a current transfer the
reactive energy from the D-STATCOM to the grid. In voltage
control mode, the D-STATCOM injects reactive power
through varying the voltage or frequency at the PCC.
However, in voltage mode, the behavior of the D-STATCOM
is strongly dependent on the grid impedance. Control
strategies of D-STATCOM usually employ the PQ Theory
[25] to compute the amount of reactive power the D-
STATCOM will handle.

Controlling a STATCOM using the dqg-rotating reference
frame has some drawbacks. The most notorious is the
dependence of a Phase-Locked Loop (PLL) and is efficacy to
track the phase grid even under the presence of disturbances
and distortions. In case the PLL is not sufficient, the dq
transformation is compromised and the whole behavior of the
STATCOM is deteriorated.

This paper proposes a Three-phase D-STATCOM with
digital current control strategy in abc-reference frame. The
proposal D-STATCOM does not use a PLL and the reactive
power is transferred to the grid through controlling the D-
STATCOM output current. The current controller has one
zero and two poles. This type of controller is also known as
Type-2 controller. The procedure to tune the controller is
explained. The Conservative Power Theory (CPT) [26]-[30]
is used to compute the reactive power of the loads. This theory
is being broadly used in power electronics applications
especially those involving smart-grids. A case study shows the



Lo
gridA

T
gridB

LgridC

Electrical

Fig. 1. The system under study as well as the control strategy.

behavior of the D-STACOM during initialization, during load
transitions and during steady-state conditions. The results
show the efficacy of the proposed D-STATCOM.

II. SYSTEM PERSPECTIVE

Fig. 1 presents the system under study as well as the
control strategy. The system is a three-phase electric grid with
linear and nonlinear loads. The D-STATCOM is a three-phase
inverter with RL output filter and it is connected at the PCC
The resistance R in output filter represents the cooper losses
of the inductor L and it is omitted in the figure. The D-
STATCOM is controlled in current mode. Three switches S1,
S2 and S3 are presented in the system in order to show
transitory behavior of the D-STACOM under some
connections. The D-STATCOM and the nonlinear load have
pre-charge schemes, not shown in the figure.

About the control strategy, the figure shows its algorithm.
The control strategy runs in abe-reference frame. The variable
used on the control strategy are measured through current and
voltage sensors and they are: the D-STATCOM output
current, the load current and the PCC voltage. Notice that the
load current comprises all loads connected at the PCC. In the
occurrence of a connection of a new load at the PCC, the
connection must be beneath the current sensors that measures
the load current. All the control strategy is within a digital
domain. It means that each measure variable passes through a
sampler with zero order holder (not shown in the figure).

The load current and the PCC voltage are sent to the CPT
block, which in turn computes the amount of reactive power
of the loads and also produces the reference current for the D-
STATCOM. The reference current is compared to the D-
STATCOM output current and the resulted single passes
thought the current controller. The current controller is made
with a zero and two poles. Throughout this paper, the current
controller is going to be called Type-2 controller. The output
signal of the controller is summed with the PCC voltage. This
summation acts as a feedforward action of the PCC voltage.
The DC-link voltage of the D-STATCOM is controlled
through a PI controller and its output signal is subtracted from
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the current reference. PWM is used to produce the pulse
signals of the transistor of the D-STACOM. Finally, it is
important to highlight that the control strategy does not use a
PLL. The CPT produces the current reference already phase-
shifted related to the grid voltage. The CPT also does not use
a PLL neither matrix transformation like those found in PQ
and dq-rotating reference frame.

III. DESIGNING THE DIGIITAL CURRENT CONTROLLER

This section presents the design procedure to tune the
current controller. The procedure is going to be presented for
phase A. Since the control strategy is in abc-reference frame,
the procedure for phase A is valid also for phases B and C.
Actually, the controller designed for phase A is just replicated
for phase B. The control strategy is a classical closed-loop
mesh.

The principle of designing the digital current controller is
first design an analog controller and later discretize it through
the Backward-Euler approximation. For most of applications,
this procedure is sufficient to present a satisfactory controller
response. An alternative to this approach would be to follow
the steps in chapter 4 of [31]. Nevertheless, as stated, the
Bacward-Euller approximation may be verified at a first
moment. In case of satisfactory controller response, such
approximation can be employed.

The procedure to tune the controller begins knowing, or
obtaining, the transfer function which relates the output
current and the duty-cycle of the D-STATCOM. According to
variable definition in Fig. 1, the transfer function is given by

(1).

_ istacoma(s) _ Vdc
Gi (S) - dg(s) T SL+R (1)

The open-loop transfer function without the controller is
given by (2).

OLTE,(s) = G;(s)PWM(s)H;(s) 2)



Where PWM(s) and Hi(s) are the transfer functions of the
PWM and the current sensor. The PWM(s) is equal to one and
the Hi(s) is equal to the current sensor gain.

The transfer function of the Type-2 controller is given by
3.

1+sR,Cq
SR1(SR2C1C+C1+C3)

Ci(s) = 3)

By defining the desired phase margin ¢, and the desired
cut-off frequency f., the parameters of (3) are obtained
through the following equations. Descriptions of these
equations are given in the next paragraph.
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The value of C2 must be adopted. Equation (4) is the
phase, in degree, of the open-loop transfer function without
controller at the desired cut-off frequency. Equation (5) is the
gain of the same transfer function at the desired cut-off
frequency. Equation (6) is the real gain obtained in (5).
Equation (7) is the phase that the controller must compensate.
Equation (8) is the k-factor of the current controller. It is a
factor used in the procedure to obtain the parameter of the
controller. Equations (9) to (11) are the computation to obtain
the parameters of the controller.

The discretization of the controller is given by (12).
Ci(z) = Z{Ci(s)} = Ci()],__1s 1 12)
1-z~
where T is the sampling period and Z is the Z-transform.
The result of (12) is a z-domain transfer function given by

(13).
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The coefficients of the digital current controller is given
by the following equations.

B = 4R,R,C,C, + 2T,R,(C; + C5) (14)
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The current reference collected from the CPT is given

@21).
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Where 7 is the unbiased integral, given by (22).
@) =vy O -7 (O (22)

More details about (21) and (22) care found in [26].

IV. CASE STUDY

The system presented in Fig. 1 was simulated in
Matlab/Simulink. Tab. I presents the parameters of the case
study.

TABLE L. PARAMETERS OF THE CASE STUDY
Parameter Value
PCC Line-to-Line RMS Voltage 220 V
PCC frequency 60 Hz
Vdc 1000 V
L 10 mH
R 1 mQ
Hi 1/10
Fs 30 kHz
fc 3 kHz
Pa 55°
bo 1.033954901096934
by 0.186375309022809
b, -0.847579592074126
ap 1
a -1.001814949393786
ay 0.001814949393786
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Fig. 2. a comparison between the designed analog and the digital current
controller.



Fig. 2 presents a comparison between the designed analog
and the digital current controller. The plots are the frequency
response of the current controller. At the top, the plot is the
magnitude response while the at the bottom, the plot is the
phase response. This result shows the efficacy of the
discretization through Backward-Euler approximation.

Fig. 3 presents the Bode diagrams for the Closed-Loop
transfer function considering the analog current controller.
Notice that the cut-off frequency is 3 kHz and the phase
margin is 55°, showing that the desired parameters were
achieved. Therefore, the current controller is well tuned and
the procedure presented in this paper is accurate.

Initially, switches S1, S2 and S3 are off. Therefore, the
PCC has the electric grid and the linear load with P=8kW and
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Fig. 3. Bode diagrams for the Closed-Loop transfer function considering
the analog current controller.

Q=6kVAr. Fig. 4 presents the three-phase PCC voltage and
the three-phase grid current during the initialization of the D-
STATCOM. At t=0.15 seconds switch S1 turns on and the D-
STATCOM begins to operate. Before t =0.15 seconds the grid
current is sinusoidal and out-of-related to the PCC voltage.
After the initialization of the D-STATCOM, the grid current
gets in-phase related to the PCC voltage, showing the efficacy
of the D-STATCOM in compensating the reactive power of
the load. The PCC voltage and the grid current passes through
transitory behavior with some oscillations and noise.
However, such phenomena are within acceptable levels.
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Fig. 4. Three-phase PCC voltage (at the top) and the three-phase grid
current during the initialization of the D-STATCOM.

Fig. 5 presents the three-phase load current and the D-
STATCOM output current for the same scenario, which is the
initialization of the D-STATCOM at t = 0.15 seconds. Before
such a moment, the D-STATCOM output current is null. After
its initialization and its transitory interval, the D-STATCOM
output current reaches 90-degree displacement related to the
PCC voltage. The load current keeps unchanged during the
initialization of the D-STATCOM, showing that the noises
found in the PCC voltage in the previous figure was not
harmful to the load.

Fig. 6 presents the current reference signal and the D-
STATCOM output current. The D-STATCOM follows the
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Fig. 5. The three-phase load current (at the top) and the D-STATCOM
output current for the same scenario, which is the initialization of the D-
STATCOM at t=0.15 seconds.
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Fig. 6. The current reference signal and the D-STATCOM output current

reference signal with negligible steady-state error. This shows
the efficacy of the designed digital current controller.

Fig. 7 presents the three-phase PCC voltage and the three-
phase grid current during a load step. At t=0.8 seconds switch
S3 turns on, connecting a linear load to the PCC. This means
that more reactive power is being injected into the grid. By
looking at the grid current, its amplitude is naturally increased,
but the phase displacement between the grid current and the
PCC voltage keeps null after the transitory interval. This
shows that the D-STATCOM was able to compensate the new
amount of reactive power found in the PCC.



Fig. 8 present the current reference signal and the D-
STATCOM output current during the same load step. The D-
STATCOM output current follow its reference signal with
negligible steady-state error.

Fig. 9 presents the three-phase PCC voltage and the three-
phase grid current during the connection of the nonlinear load
into the PCC. Such connection happens when switch S2 is
turned on, at t = 1.35 seconds. The grid current is amplified
and results distorted due to the nonlinear behavior of the load.
Since the D-STATOM is compensating only reactive power,
it is expected that the grid current got distortion.
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Fig. 7. The three-phase PCC voltage (at the top) and the three-phase grid
current during a load step.
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Fig. 8. The current reference signal and the D-STATCOM output current
during the same load step.
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Fig. 9. The three-phase PCC voltage (at the top) and the three-phase grid
current during the connection of the nonlinear load into the PCC.

Fig. 10 presents the current reference signal and the D-
STATCOM for previous scenario. This result shows two
important features of the proposed D-STATCOM, The first is
the capability to the D-STATCOM follows its reference signal
even for nonlinear load. The second is the ability to the CPT
to compute a sinusoidal current from a nonlinear load. Such
sinusoidal current has the information of the reactive power
produced by the nonlinear load.
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Fig. 10. The current reference signal and the D-STATCOM for previous
scenario.

Fig. 11 presents the reactive power in the grid and the DC-
link voltage of the D-STATCOM for the whole range of
analysis. The reactive power is kept null after the initialization
of the D-STATCOM at t =0.15 seconds. The oscillation in the
reactive power at t=0.8 and t=1.35 seconds are due to the load
step of the linear and nonlinear load, respectively. It is clear
that the reactive power is null even after the connection of the
nonlinear load, showing that the D-STATCOM keeps
compensating the nonlinear load reactive power even for the
distorted grid current. The DC-link voltage is presented in per
unit value. Its base value is 1000 V.
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Fig. 11. The reactive power in the grid (at the top) and the DC-link voltage
of the D-STATCOM for the whole range of analysis.

V. CONCLUSIONS

This paper proposed a Three-phase D-STATCOM with
digital current control strategy in abc-reference frame. The
proposal D-STATCOM did not use a PLL and the reactive
power was transferred to the grid through controlling the D-
STATCOM output current. The current controller has one
zero and two poles. The procedure to tune the controller was
explained. The Conservative Power Theory was used to



compute the reactive power of the loads. This theory is being
broadly used in power electronics applications especially
those involving smart-grids. A case study shows the behavior
of the D-STACOM during initialization, during load
transitions and during steady-state conditions.

A case study with simulation results showed the efficacy

of the proposed D-STATCOM. The measured variables did
not present neither unpredictable nor oscillatory behaviors.
The steady-state errors were negligible. Therefore, the
proposed D-STATCOM controlled in abc reference frame is
an attractive solution for reactive power compensation in
three-phase systems. The simulation files used in this research

will

be freely available on the author’s webpage

http://busarello.profufsc.br/.
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