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Abstract: In this paper a new algorithm is proposed for a
DSTATCOM operating in voltage control mode to
generate reference voltage. The proposed scheme ensures
that unity power factor (UPF) is achieved at the load
terminal during nominal operation, which is not possible
in the traditional method. The compensator here is also
used to inject lower currents so that the losses in the
feeder and VSI are reduced. Further rating of
DSTATCOM can also be reduced so that it mitigates the
voltage sag. Nearly UPF can be maintained at the load
terminal during load change. Due to the above reasons
the DSTATCOM increases the power quality by
improving power factor, harmonic reduction, and tight
voltage regulation. Simulation results are presented to
determine the efficiency of the proposed algorithm of
DSTATCOM.

Index Terms: Current control mode, power quality (PQ),
voltage-control mode, voltage-source inverter.

I. Introduction

The main problem associated with the present
Distribution power system is the power quality issues like
current and voltage distortion, and poor power factor. A
DSTATCOM that is connected at the point of common
coupling (PCC), is used for mitigating both types of Power
Quality issues. When operating in current control mode
(CCM), it will injects reactive power and harmonic
components of load currents to make source currents
balanced, sinusoidal, and in phase with the PCC voltages. In
voltage-control mode the DSTATCOM regulates PCC
voltage at a reference value to protect critical loads from
voltage disturbances, such as sag, swell, and unbalances. One
Active filter is not enough to achieve the advantages of CCM
and VCM as the two modes are independent of each other.

The main disadvantage of DSTATCOM in CCM is
it cannot compensate for voltage disturbances. Hence it
cannot be used for voltage disturbances. Traditionally, in
VCM, the DSTATCOM regulates the PCC voltage at 1.0p.u.
But the load works satisfactorily for a permissible voltage
range only. DSTATCOM compensates for the voltage drop
in feeder. For this, the compensator should supply an
additional reactive current which increases the source
currents which further increases losses in the voltage-source
inverter (VSI) and feeder. Another main problem is the rating
of VSI de-rates with increased current injection. Capacity to
mitigate deep voltage sag also decreases.

In this paper we consider the operation of
DSTATCOM in VCM and a control algorithm is proposed to
obtain the reference load terminal voltage. This algorithm
will provide the combined advantages of CCM and VCM.
The UPF operation at the PCC is achieved at nominal load,
the reactive and harmonic component of load current is

supplied by the compensator at any time of operation by
using this algorithm. The deadbeat predictive controller is
used to generate switching pulses. The control strategy is
tested with a three-phase four-wire distribution system. The
effectiveness of the proposed algorithm is validated through
detailed simulation results.

This paper is organized as follows: Chapter-2
discuss about the proposed control strategy. Chapter-3
presents the simulation results. In Chapter-4 conclusion is
drawn from the above discussion.

1. Proposed Control Strategy
In this paper we consider a three phase four wire
two-level neutrally clamped Voltage Source Inverter is used.
Figure 1 shows the circuit diagram of DSTATCOM
compensated distribution system. Here independent control
is given to each leg of the VSI. The equivalent circuit of
Figure 1 is shown in Figure2.

Figure 1: Circuit diagram of DSTATCOM
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Figure 2: Equivalent circuit of DSTATCOM

Variable u is used as a switching function whose
value is either +1 or -1 depending upon the switching state.
The circuit consists of Filter inductance Lf and resistance Rf.
Shunt capacitor Cf which eliminates the high-switching
frequency components. By properly choosing these
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parameters of VSI we can regulate the PCC voltage at any
desired value.

A reference voltage magnitude generation scheme is
proposed that provides the advantages of CCM at nominal
load. The overall controller block diagram is shown in Fig. 3.
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Figure 3: Overall Block Diagram of controller to control

DSTATCOM

A. System Modeling and Generation of the Voltage-
Control Law

The state-space equations for the circuit shown in
Fig. 2 are given by

r=Ar+ Bz (1)
Where
0 = 0
A= |-L X o
z ; n
LI, 0 L,
0 = 0
B=|Y= 0 0
Y 1
o0 £~
T = [vpe i -:.'x:r 2= lu i v ]r. .

The general time-domain solution of (1) to compute
the state vector x(t) with known initial value x(t0), is given as
follows:

o
a(t) = e p(te) + / AT Ba(r)dr. |2)
to

The equivalent discrete solution of the continuous state is

obtained by replacing 0 = kZa and = 15=111s as follows:
T(“IT
wk+1)=e*Tiz(k) + / ATt Te=TIp (0 dr.
T, ;
(3)
In (3), k and Td represent the k th sample and sampling
period, respectively. During the consecutive sampling period,
the value of z(t) is held constant, and can be taken as z(k).
After simplification and changing the integration variable,
(3) is written as
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Equation (4) is rewritten as follows:

wlk+1)=Gazlk)+ H z(k) (5)
where G and H are sampled matrices, with a

sampling time of Td. For small sampling time, matrices G
and H are calculated as follows:

Gn Gp Gy A277
G={Gn Gn Gu|=eTxI+AT;+—2 (§)
GSI G.’&? GIL’. =
HII H’.Z Hl.’!- T4
H=|Hy Hyn Hy :/ e*Bd)
Hy Hypy Hy|

T

R / (1+A)) Bd). (7

JO

The capacitor voltage using (5) is given as

'f‘l\ T I):(—;::;";‘ [h + Gl_ﬂ'.,',':i‘:"":mfk‘:' T [{13iJ(a:i’:.
(8)
As seen from (8), the terminal voltage can be maintained at a

reference value depending upon the VSI parameters Vdc,
Cfc, Lf, Rf, and sampling time Td. Therefore, VSI

parameters must be chosen carefully. Let U be the
reference load terminal voltage. A cost function is chosen as
follows

J = [ugelk +1) = v (k+ 1)) (9)

The cost function is differentiated with respect to u(k) and its
minimum is obtained at

5y l':l:ﬁ.' +1) - (;11?'.!,:{:&':1 = Gl:ff,ll\: - H;glg,ir’.‘}
uik)=— - ‘ —=.
\ H_L
(11)

In (11), vr (% + 1) js the future reference voltage which is
un known. One-step-ahead prediction of this voltage is done
using a second-order Lagrange extrapolation formula as
follows:

vlk+1)=3uf(k) =3 (k-1)+vi(k-2). (12)

B. Design of VSI Parameters

DSTATCOM regulates terminal voltage
satisfactorily, depending upon the properly chosen VSI
parameters. The design procedure of these parameters is
presented as follows.
1) Voltage Across DC Bus (Vdc): The dc bus voltage is taken
twice the peak of the phase voltage of the source for
satisfactory performance. Therefore, for a line voltage of 400
V, the dc bus voltage is maintained at 650 V.
2) DC Capacitance: Values of dc capacitors are chosen
based on a period of sag/swell and change in dc bus voltage
during transients. Let the total load rating be kVA. In the
worst case, the load power may vary from minimum to
maximum that is, from 0 to S kVA.
3) Filter Inductance: Filter inductance should provide
reasonably high switching frequency and a sufficient rate of
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change of current such that VSI currents follow desired
currents.
C. Controller for DC Bus Capacitor Voltage

Average real power balance at the PCC will be

P})[Z('. = PII'.LT.'H + II--)][Il!-i."-i

where Ppcc, Plavg and Ploss are the average PCC power,
load power, and losses in the VSI, respectively. The power
available at the PCC, which is taken from the source,
depends upon the angle between source and PCC voltages,
that is, load angle. Hence, must be maintained constant to
keep constant.

The voltage of the dc bus of DSTATCOM can be
maintained at its reference value by taking inverter losses
Ploss from the source. If the capacitor voltage is regulated to
a constant reference value, Ploss is a constant value.
Consequently, 3 is also a constant value. Thus, it is evident
that dc link voltage can be regulated by generating a suitable
value of 8. This & includes the effect of losses in the VSI and,
therefore, it takes care of the term in its action. To calculate
load angle 8, the averaged dc-link voltage (Vdcl+Vdc2) is
compared with a reference voltage, and error is passed
through a PI controller.

I11. Simulation Results

The control scheme is implemented using PSCAD
software. Simulation parameters are given in Table I.
Terminal voltages and source currents before compensation
are plotted in Fig. 4. Distorted and unbalanced source
currents flowing through the feeder make terminal voltages
unbalanced and distorted. Three conditions, namely, nominal
operation, operation during sag, and operation during load
change are compared between the traditional and proposed
method. In the traditional method, the reference voltage is
1.0 p.u.

(b)
Figure 4. Before compensation. (a) Terminal voltages. (b)
Source currents
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System Quantities Values
Source voltage 400V RMS line to line 50Hz
Feeder Impedance Zs=1+j3.14Q

Linear Load Zla=30+j62.8Q
ZIb=40+j78.5Q

ZIc=50+j50.24Q

Non Linear Load An R-L load of 50+j62.8Q

Table 1: Simulation Parameters

A. Nominal Operation

Initially, the traditional method is considered.
Figure 5(a)—(c) shows the regulated terminal voltage &
corresponding source currents in phases a, b, and ¢
respectively. These waveforms are balanced and sinusoidal.
However, source currents lead respective terminal voltages
which show that the compensator supplies reactive current to
the source to overcome feeder drop, in addition to supplying
load reactive and harmonic currents.

(a)

(©
Figure 5 Terminal voltages and source currents using the
traditional method. (a) Phase-a. (b) Phase-b. (c) Phase-c
Fig. 6(a) shows the dc bus voltage regulated at a
nominal voltage of 1300V. Fig. 6(b) shows the load angle
settled around 8.50°.
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(b)
Fig. 6 (a) Voltage at the dc bus. (b) Load angle

Using the proposed method, terminal voltages and
source currents in phases a, b, and ¢ are shown in Fig. 7(a)-
(c), respectively. It can be seen that the respective terminal
voltages and source currents are in phase with each other, in
addition to being balanced and sinusoidal. Therefore, UPF is
achieved at the load terminal.

i

(b)
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(©)
Fig 7. Terminal voltages and source currents using the
proposed method. (a) Phase-a. (b) Phase-b. (c) Phase-c
B. Operation during Sag

To create sag, source voltage is lowered by 20%
from its nominal value at 0.6 s as shown in Fig. 8 (a). Sag is
removed at 1.0 s as shown in Fig. 8 (b). Since voltage
regulation capability does not depend upon reference voltage,
it is not shown separately for the traditional method. Fig. 8
(c) and (d) shows terminal voltages regulated at their
reference value.

The controller provides a fast voltage regulation at
the load terminal. Fig. 8 (e) and (f) shows the total dc bus
voltage and the load angle, respectively. During the transient
period, capacitors supply real power to maintain load power
which results in discharging of capacitors. Consequently,
increases to draw more power from the source compared to
normal operation.

. . (a)
(b)
(©
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Figure. 8: (a) Source voltages during normal to sag. (b)
Source voltages during sag to normal. (c) Terminal
voltages during normal to sag. (d) Terminal voltages
during sag to normal. (e) Voltage at the dc bus. (f)
Load angle.

C. Operation During Load Change

To show the impact of load changes on system
performance, load is increased to 140%of its nominal value.
Under this condition, the traditional method gives less power
factor as the compensator will supply more reactive current
to maintain the reference voltage. The voltage and current
waveforms, as shown in Fig. 9(a), confirm this. In proposed
method, a load change will result in small deviation in
terminal voltage from its reference voltage. Compensator just
needs to supply extra reactive current to overcome this small
extra feeder drop, hence, nearly UPF is maintained while
regulating the terminal voltage at its reference voltage. It is
evident from Fig. 9(b).
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(a)
(b)
Figure 9: Terminal voltage and source current in phase-

during load change. (a) Traditional method. (b) Proposed
method.

IV Conclusion

The performance of the proposed scheme is
compared with  the traditional  voltage-controlled
DSTATCOM. The proposed method provides the following
advantages: 1) at nominal load, the compensator injects
reactive and harmonic components of load currents, resulting
in UPF; 2) nearly UPF is maintained for a load change; 3)
fast voltage regulation has been achieved during voltage
disturbances; and 4) losses in the VSI and feeder are reduced
considerably, and have higher sag supporting capability with
the same VSI rating compared to the traditional scheme.
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