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Design of External Inductor for Improving
Performance of Voltage Controlled DSTATCOM

Chandan Kumar, Member, IEEE, Mahesh K. Mishra, Senior Member, IEEE and Marco Liserre, Fellow, IEEE

Abstract—A distribution static compensator (DSTATCOM) is
used for load voltage regulation and its performance mainly
depends upon the feeder impedance and its nature (resistive,
inductive, stiff, non-stiff). However, a study for analyzing voltage
regulation performance of DSTATCOM depending upon network
parameters is not well defined. This paper aims to provide a
comprehensive study of design, operation, and flexible control
of a DSTATCOM operating in voltage control mode. A detailed
analysis of the voltage regulation capability of DSTATCOM un-
der various feeder impedances is presented. Then, a benchmark
design procedure to compute the value of external inductor is
presented. A dynamic reference load voltage generation scheme
is also developed which allows DSTATCOM to compensate
load reactive power during normal operation, in addition to
providing voltage support during disturbances. Simulation and
experimental results validate the effectiveness of the proposed
scheme.

Index Terms—Distribution static compensator (DSTATCOM),
current control, voltage control, power factor, power quality.

I. INTRODUCTION

FAULTS in widespread power system as well as switching
of large loads create voltage disturbances such as sag and

swell in a distribution system [1]. These power quality (PQ)
problems significantly degrade the performance of sensitive
loads like process-control industry, electronics equipments,
adjustable drives, etc.

Conventionally, static var compensator (SVC) is used to reg-
ulate load voltage, compensate reactive current, and improve
transient stability. However, the SVC causes problems like har-
monic current injection in the system, harmonic amplification,
and possible resonance with the source impedance [2]. Dis-
tribution static compensator (DSTATCOM) has been proposed
to overcome the limitations of SVC [3]–[9]. A DSTATCOM is
one of the most effective solutions to regulate the load voltage.
It provides load voltage regulation by supplying fundamental
reactive current into source [5], [10]–[15].

However, most of the conventional DSTATCOMs used for
voltage regulation consider highly inductive and/or signifi-
cantly large feeder impedance [11], [13]. This is usually not
true in a distribution system where feeder impedance used to
be resistive in nature [16], [17]. In this scenario, the DSTAT-
COM will have small voltage regulation capability. Another
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important issue is the generation of reference load voltage. In
conventional DSTATCOM application for voltage regulation,
reference load voltage is set at 1.0 p.u. [13]. At this load
voltage, VSI always exchanges reactive power with the source
with leading power factor. This causes continuous power losses
in the feeder and VSI. Also, a conventional DSTATCOM
requires high current rating voltage source inverter (VSI) to
provide voltage support [11]. This high current requirement
increases the power rating of the VSI and produces more losses
in the switches as well as in the feeder.

The voltage regulation performance of DSTATCOM mainly
depends upon the feeder impedance and its nature (resistive,
inductive, stiff, non-stiff). For voltage control mode (VCM)
operation of DSTATCOM and/or grid connected inverters, the
idea of inserting an external inductor in line has been reported
[18], [19]. However, in these schemes, only the concept has
been introduced leaving ample scope for further investigation
and insight into the design details.

The focus of this paper is to provide a detailed design
procedure for selecting the external inductor which satisfy
several practical constraints, allows DSTATCOM to regulate
load voltage in stiff as well as resistive feeder, reduce the
current requirement for mitigation of sag, and reduce the
system losses. With coordinated control of the load fundamen-
tal current, terminal voltage, and voltage across the external
inductor, a dynamic reference load voltage generation scheme
is presented. This scheme ensures unity power factor (UPF)
operation during normal operation and maintains load voltage
constant during voltage disturbances. Detailed simulation and
experimental results are included to verify the DSTATCOM
performance.

II. DSTATCOM IN POWER DISTRIBUTION SYSTEM

Fig. 1 shows power circuit diagram of the DSTATCOM
topology connected in distribution system. Ls and Rs are
source inductance and resistance, respectively. An external
inductance, Lext is included in series between load and
source points. This inductor helps DSTATCOM to achieve load
voltage regulation capability even in worst grid conditions,
i.e., resistive or stiff grid. From IEEE-519 standard, point
of common coupling (PCC) should be the point which is
accessible to both the utility and the customer for direct
measurement [20]. Therefore, the PCC is the point where Lext
is connected to the source. The DSTATCOM is connected at
the point where load and Lext are connected. The DSTATCOM
uses a three-phase four-wire VSI. A passive LC filter is
connected in each phase to filter out high frequency switching
components. Voltages across dc capacitors, Vdc1 and Vdc2, are
maintained at a reference value of Vdcref .
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Fig. 1. Three phase equivalent circuit of DSTATCOM topology in distribution system.

III. EFFECT OF FEEDER IMPEDANCE ON VOLTAGE
REGULATION

LsRs

VsVl
Is

Fig. 2. Equivalent source-load model without considering external inductor.

To demonstrate the effect of feeder impedance on volt-
age regulation performance, an equivalent source-load model
without considering external inductor is shown in Fig. 2. The
current in the circuit is given as

Is =
V s − V l

Zs
(1)

where V s = Vs∠δ, V l = Vl∠0, Is = Is∠φ, and Zs =
Zs∠θs, with Vs, Vl, Is, Zs, δ, φ, and θs are rms source voltage,
rms load voltage, rms source current, feeder impedance, load
angle, power factor angle, and feeder impedance angle, respec-
tively. The three phase average load power (Pl) is expressed
as

Pl = Real [3V l × Is
∗] . (2)

Substituting V l and Is in (2), the load active power is

Pl =
3V 2

l

Zs

[
Vs
Vl

cos(θs − δ)− cos θs

]
. (3)

Rearranging (3), expression for δ is computed as follows:

δ = θs − cos−1
[
Vl
Vs

(
cos θs +

PlZs
3V 2

l

)]
. (4)

For power transfer from source to load with stable operation
in an inductive feeder, δ must be positive and less than 90◦.
Also, all the terms of the second part of (4), i.e., inside
cos−1, are amplitude and will always be positive. Therefore,
value of the second part will be between ‘0’ to ‘π/2’ for the
entire operation of the load. Consequently, the load angle will
lie between θs to (θs - π/2) under any load operation, and
therefore, maximum possible load angle is θs.

The vector expression for source voltage is given as follows:

Vs = Vl + IsZs∠ (θs + φ) . (5)

A DSTATCOM regulates the load voltage by injecting
fundamental reactive current. To demonstrate the DSTATCOM
voltage regulation capability at different supply voltages for
different Rs/Xs, vector diagrams using (5) are drawn in Fig.
3. To draw diagrams, load voltage Vl is taken as reference
phasor having the nominal value OA (1.0 p.u.). With aim of
making Vl = Vs = 1.0 p.u., locus of Vs will be a semicircle of
radius Vl. Since, the maximum possible load angle is 90◦ in
an inductive feeder, phasor Vs can be anywhere inside curve
OACBO. It can be seen that the value of θs + φ must be
greater than 90◦ for zero voltage regulation. Additionally, it is
possible only when power factor is leading at the load terminal
as θs cannot be more than 90◦.

Fig. 3(a) shows the limiting case when Rs/Xs = 1, i.e., θs
= 45◦. From (4), the maximum possible load angle is 45◦.
The maximum value of angle, θs + φ, can be 135◦ when φ is
90◦. Hence, the limiting source current phasor OE, which
is denoted by Islimit, will lead the load voltage by 90◦.
Lines OC and AB show the limiting vectors of Vs and IsZs,
respectively with D as the intersection point. Hence, area
under ACDA shows the operating region of DSTATCOM for
voltage regulation. The point D has a limiting value of Vslimit
= IsZs = 0.706 p.u. Therefore, maximum possible voltage
regulation is 29.4%. However, it is impossible to achieve these
two limits simultaneously as δ and φ cannot be maximum at
the same time. Again if Zs is low then source current, which
will be almost inductive, will be enough to be realized by a
DSTATCOM.

Fig. 3(b) considers case when Rs/Xs =
√

3 i.e., θs =
30◦. The area under ACDA shrinks, which shows that with
the increase in Rs/Xs from the limiting value, the voltage
regulation capability decreases. In this case the limiting values
of Vslimit and IsZs are found to be 0.866 and 0.5 p.u.,
respectively. Here, maximum possible voltage regulation is
13.4%. However, due to high current requirement, a practical
DSTATCOM can provide very small voltage regulation.

Voltage regulation performance curves for more resistive
grid, i.e., θs = 15◦, as shown in Fig. 3(c), can be drawn
similarly. Here, area under ACDA is negligible. For this case,
hardly any voltage regulation is possible. Therefore, more
the feeder is resistive in nature, lesser will be the voltage
regulation capability.

Therefore, it is inferred that the voltage regulation capability
of DSTATCOM in a distribution system mainly depends upon
the feeder impedance. Due to resistive nature of feeder in a



3

Vl

Islimit Zs

Vl Vl

Vs
Vs

δmax=450
δmax =300

δmax=150

Vslimit Vslimit

Vslimit

(a) (b) (c)O O O
A A A

B B B

D

C

C

C
D

D

Vs

Islimit

Islimit
Islimit

Islimit Zs

Islimit Zs

EE E

Fig. 3. Voltage regulation performance curve of DSTATCOM at different Rs/Xs. (a) For Rs/Xs = 1. (b) For Rs/Xs =
√
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distribution system, DSTATCOM voltage regulation capability
is limited. Moreover, very high current is required to mitigate
small voltage disturbances which results in higher rating of
IGBT switches as well as increased losses. One more point
worth to be noted is that, in the resistive feeder, there will be
some voltage drop in the line at nominal source voltage which
the DSTATCOM may not be able compensate to maintain load
voltage at 1.0 p.u. even with an ideal VSI.

IV. SELECTION OF EXTERNAL INDUCTOR FOR VOLTAGE
REGULATION IMPROVEMENT AND RATING REDUCTION

This section presents a generalized procedure to select
external inductor for improvement in DSTATCOM voltage
regulation capability while reducing the current rating of VSI.
Fig. 4 shows single phase equivalent DSTATCOM circuit
diagram in distribution system. With balanced voltages, source
current will be

Is =
Vs∠δ − Vl∠0

(Rs +Rext) + j (Xs +Xext)
=

Vs∠δ − Vl∠0

Rsef + jXsef
(6)

where Rsef = Rs+Rext and Xsef = Xs+Xext are effective
feeder resistance and reactance, respectively. Rext is equiva-
lent series resistance (ESR) of external inductor, and will be
small. With θsef = tan−1

Xsef

Rsef
and Zsef =

√
R2
sef +X2

sef

as effective impedance angle and effective feeder impedance,
respectively, the imaginary component of Is is given as

Iims =
Vl sin θsef + Vs sin (δ − θsef )

Zsef
. (7)

With the addition of external impedance, the effective feeder
impedance becomes predominantly inductive. Hence, Zsef ≈
Xsef . Therefore, approximated Iims will be

Iims =
Vl sin θsef + Vs sin (δ − θsef )

Xsef
. (8)

DSTATCOM Power rating (Svsi) is given as follows [21]:

Svsi =
√

3
Vdc√

2
Ivsi (9)

where Ivsi is the rms phase current rating of the VSI and Vdc is
the voltage maintained at the dc capacitors. The DSTATCOM
aims to inject harmonic and reactive current component of
load currents. Suppose Iiml is the maximum rms reactive
and harmonic current rating of the load, then the value of
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Fig. 4. Single phase equivalent circuit of DSTATCOM topology with external
inductor in distribution system.

compensator current used for voltage regulation (same as Iims )
is obtained by subtracting Iiml from Ivsi and given as follows:

I = Ivsi − Iiml =

√
2Svsi√
3Vdc

− Iiml . (10)

Comparing (8) and (10) while using value of δ from (4),
following expression is obtained:

Xsef =
Vl sin θsef − Vs sin

[
cos−1

[
Vl

Vs

(
cos θsef +

PlXsef

3V 2
l

)]]
√
2Svsi√
3Vdc

− Iiml
.

(11)
The above expression is used to compute the value of external

inductor. Design example of external inductor, used for this
work, is given in next section.

V. DESIGN EXAMPLE OF EXTERNAL INDUCTOR

Here, it is assumed that the considered DSTATCOM pro-
tects load from a voltage sag of 60%. Hence, source voltage
Vs = 0.6 p.u. is considered as worst case voltage disturbances.
During voltage disturbances, the loads should remain opera-
tional while improving the DSTATCOM capability to mitigate
the sag. Therefore, the load voltage during voltage sag is main-
tained at 0.9 p.u., which is sufficient for satisfactory operation
of the load. In the present case, maximum required value of
Iiml is 10 A. With the system parameters given in Table I,
the effective reactance after solving (11) is found to be 2.2 Ω
(Lsef = 7 mH). Hence, value of external inductance, Lext, will
be 6.7 mH. This external inductor is selected while satisfying
the constraints such as maximum load power demand, rating
of DSTATCOM, and amount of sag to be mitigated. In this
design example, for base voltage and base power rating of 400
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V and 10 kVA, respectively, the value of external inductance
is 0.13 p.u. Moreover, with total inductance of 7 mH (external
and actual grid inductance), the total impedance will be 0.137
p. u. The short circuit capacity of the line will be 1/0.13 = 7.7
p.u. which is sufficient for the satisfactory operation of the
system. Additionally, a designer always has flexibility to find
suitable value of Lext if the constraints are modified or circuit
conditions are changed. Moreover, conventional DSTATCOM
operated for achieving voltage regulation uses large feeder
inductances [11], [13].

With the external inductance while neglecting its ESR,
Rs/Xsef will be 0.13 i.e., θsef = 83◦. Voltage regulation
performance curves of the DSTATCOM in this case are shown
in Fig. 5, where the area under ACDA covers the majority
of the stable operating range OABO. Hence, introduction of
external inductor greatly improves the DSTATCOM voltage
regulation capability. Additionally, due to increased effective
feeder impedance the current requirement for sag mitigation
also reduces. Moreover, if ESR of the external inductor is
included, then the equivalent feeder impedance angle changes
slightly (i.e., from 83 degree to 80.45 degree), and has
negligible effect on the expression obtained in (11) as well
as the voltage regulation capability of the DSTATCOM.

VI. FLEXIBLE CONTROL STRATEGY

This sections presents a flexible control strategy to improve
the performance of DSTATCOM in presence of the external
inductor Lext. Firstly, a dynamic reference load voltage based
on the coordinated control of the load fundamental current,
PCC voltage, and voltage across the external inductor is
computed. Then, a proportional integral (PI) controller is used
to control the load angle which helps in regulating the dc
bus voltage at a reference value. Finally, three phase reference
load voltages are generated. The block diagram of the control
strategy is shown in Fig. 6.

A. Derivation of Dynamic Reference Voltage Magnitude (V ∗l )

In conventional VCM operation of DSTATCOM, the ref-
erence load voltage is maintained at a constant value of 1.0
p.u. [10]–[12]. Source currents cannot be controlled in this
reference generation scheme. Therefore, power factor will
not be unity and source exchanges reactive power with the
system even at nominal supply. To overcome this limitation,
a flexible control strategy is developed to generate reference

TABLE I
SIMULATION PARAMETERS

System quantities Values
Source voltage 230 V rms L-N (1.0 p.u.), 50 Hz
Feeder impedance Rs = 0.3 Ω, Ls = 0.3 mH, Rs/Xs = 3.185
External impedance Lext = 6.7 mH, Rext = 0.07 Ω
Linear load Zla = 30 + j62.8 Ω, Zlb = 40 + j78.5 Ω,

Zlc = 50 + j50.24 Ω
Nonlinear load Three phase rectifier supplying R-L load of 50 Ω

and 200 mH
VSI parameters Vdc = 520 V, Cdc = 2600 µF, Lf = 5 mH,

Cf = 20 µF, Svsi = 30 kVA
PI gains Kpδ = 8.5 e−7, Kiδ = 1.8 e−6

load voltage. This scheme allows DSTATCOM to set different
reference voltages during various operating conditions. The
scheme is described in the following.

1) Normal Operation: It is defined as the condition when
load voltage lies between 0.9 to 1.1 p.u. In this case, the
proposed flexible control strategy controls load voltages such
that the source currents are balanced sinusoidal and VSI does
not exchange any reactive power with the source. Hence, the
source supplies only fundamental positive sequence current
component to support the average load power and VSI losses.
Reference source currents (i∗sj where j = a, b, c are three
phases), computed using instantaneous symmetrical compo-
nent theory [22], are given as

i∗sj =
v+pj1

∆+
1

(Pl + Ploss) (12)

where ∆+
1 =

∑
j=a,b,c(v

+
pj1)2. The voltages v+pa1, v+pb1, and

v+pc1 are fundamental positive sequence components of PCC
voltages. Average load power (Pl) and VSI losses (Ploss) are
calculated using moving average filter (MAF) as follows:

Pl =
1

T

∫ t1

t1−T
(vlaila + vlbilb + vlcilc) dt (13)

Ploss =
1

T

∫ t1

t1−T
(vlaifta + vlbiftb + vlciftc) dt. (14)

The reference source currents must be in phase with the
respective phase fundamental positive sequence PCC voltages
for achieving UPF at the PCC. Instantaneous PCC voltage and
reference source current in phase-a can be defined as follows:

v+pa1 =
√

2V +
pa1 sin(ωt− ϕ+

pa1), i∗sa =
√

2 I∗sa sin(ωt− ϕ+
pa1)
(15)

where V +
pa1 and ϕ+

pa1 are rms voltage and angle of fundamental
positive sequence voltage in phase-a, respectively. I∗sa is the
rms reference source current obtained from (12). With external
impedance, the expected load voltage is given as follows:

V la = V +
pa1 − I∗sa Zext. (16)

From (15) and (16), the load voltage magnitude will be
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Vla =

√[(
V +
pa1 cosϕ+

pa1 − I∗sa Zext cos
(
θext − ϕ+

pa1

))2
+(

V +
pa1 sinϕ+

pa1 − I∗sa Zext sin
(
θext − ϕ+

pa1

))2]
. (17)

With UPF at the PCC, the voltage across the external
inductor will lead the PCC voltage by 90◦. Neglecting ESR
of external inductor, it can be observed that the voltage across
external inductor improves the load voltage compared to the
PCC voltage. This highlights another advantage of external
inductor where it helps in improving the load voltage. As long
as Vla lies between 0.9 to 1.1 p.u., same voltage is used as
reference terminal voltage (V ∗l ), i.e.,

if Vla ∈ [0.9− 1.1 p.u.] , then V ∗l = Vla. (18)

2) Operation During Sag: Voltage sag is considered when
value of (17) is less than 0.9 p.u. To keep filter current
minimum, the reference voltage is set to 0.9 p.u. Therefore,

V ∗l = 0.9 p.u. (19)

3) Operation During Swell: A voltage swell is considered
when any of the PCC phase voltage exceeds 1.1 p.u. In this
case, reference load voltage (V ∗l ) is set to 1.1 p.u. which results
in minimum current injection. Therefore,

V ∗l = 1.1 p.u. (20)

B. Computation of Load Angle (δ)

Average real power at the PCC (Ppcc) is sum of average
load power (Pl) and VSI losses (Ploss). The real power Ppcc
is taken from the source depending upon the angle between
source and load voltages, i.e., load angle δ. If DSTATCOM
dc bus capacitor voltage is regulated to a reference value, then
in steady state condition Ploss is a constant value and forms
a fraction of Ppcc. Consequently, δ is also a constant value.

The dc link voltage is regulated by generating a suitable
value of δ. The average voltage across dc capacitors (Vdc1 +
Vdc2) is compared with a reference voltage and error is passed
through a PI controller. Output of PI controller, δ, is given as

δ = Kpδ evdc +Kiδ

∫
evdc dt (21)
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where evdc = 2Vdcref − (Vdc1 + Vdc2) is the voltage error.
Kpδ and Kiδ are proportional and integral gains, respectively.

C. Generation of Instantaneous Reference Voltage

Selecting suitable reference load voltage magnitude and
computing load angle δ from (21), the three phase balanced
sinusoidal reference load voltages are given as follows:

vrefa =
√

2V ∗l sin(ωt− δ)
vrefb =

√
2V ∗l sin(ωt− 2π/3− δ)

vrefc =
√

2V ∗l sin(ωt+ 2π/3− δ).
(22)

These voltages are realized by the VSI using a predictive
voltage controller [23].



6

0.24 0.25 0.26 0.27 0.28

-400 

-200 

0 

200 

400 
PC

C
 v

ol
ta

ge
s 

(V
)

-400 

-200 

0 

200 

400 

-20 

-10 

0 

10 

20 

-20 

-10 

0 

10 

20 

-20 

-10 

0 

10 

20 

0.28 0.30 0.32 0.34 0.36 0.38 0.40 0.42 0.44 0.46

-400 

-200 

0 

200 

400 

-400 

-200 

0 

200 

400 

-80 

-40 

0 

40 

80 

-80 

-40 

0 

40 

80 

-20 

-10 

0 

10 

20 

0.78 0.80 0.82 0.84 0.86 0.88 0.90 0.92 0.94

-500 

-250 

0 

250 

500 

-500 

-250 

0 

250 

500 

-80 

-40 

0 

40 

80 

-80 

-40 

0 

40 

80 

-20 

-10 

0 

10 

20 

PC
C

 v
ol

ta
ge

s 
(V

)

PC
C

 v
ol

ta
ge

s 
(V

)

L
oa

d 
vo

lta
ge

s 
(V

)

Lo
ad

 v
ol

ta
ge

s 
(V

)

Lo
ad

 v
ol

ta
ge

s 
(V

)

So
ur

ce
 c

ur
re

nt
s 

(A
)

So
ur

ce
 c

ur
re

nt
s 

(A
)

So
ur

ce
 c

ur
re

nt
s 

(A
)

Fi
lte

r c
ur

re
nt

s 
(A

)

Fi
lte

r c
ur

re
nt

s 
(A

)

Fi
lte

r c
ur

re
nt

s 
(A

)

Lo
ad

 c
ur

re
nt

s 
(A

)

Lo
ad

 c
ur

re
nt

s 
(A

)

Lo
ad

 c
ur

re
nt

s 
(A

)
Normal operation Voltage sag Voltage swell

(i) (vi) (xi)

(ii) (vii) (xii)

(iii)

(iv)

(v)

(viii)

(ix)

(x)

(xiii)

(xiv)

(xv) Time (s)Time (s)Time (s)

a b c

(a) (b) (c)

Fig. 8. Simulation results. (a) During normal operation (i)-(v). (b) During voltage sag (vi)-(x). (c) During voltage swell (xi)-(xv).

VII. SIMULATION RESULTS

The parameters of DSTATCOM compensated distribution
system are given in Table I. Usual scenario in distribu-
tion system having resistive feeder impedance is considered.
PSCAD software is used to simulate the system. Firstly, the
DSTATCOM is operated in conventional VCM, i.e., 1) without
external inductor and 2) with a reference voltage of 1.0 p.u.
or 230 V rms. The steady state waveforms of three phase
PCC voltages, load voltages, source currents, filter currents,
and load currents are shown in Figs. 7(a)-(e), respectively.
Here, the DSTATCOM has to compensate only for feeder
drop. However, from the load voltage waveform shown in Fig.
7(b), its magnitude is found to be 227.7 V. It confirms that
the DSTATCOM has limited voltage regulation capability in
a resistive feeder. It can be noticed from Fig. 7(c) that the
magnitude of source current is very large and almost leading
load voltage by 90◦. This large reactive current is supplied
by the VSI, as shown in Fig. 7(d), which increases its current
rating. These waveforms confirm that a DSTATCOM cannot
provide voltage regulation in resistive feeder, requires high
current rating VSI for small voltage regulation, and exchanges
reactive power with source even at nominal operation. Further,
the high current produces excessive losses in the system.

Figs. 8(i)-(v) provide the steady state waveforms with the
designed external inductance and flexible control strategy.
This scheme simultaneously controls load voltages and source
currents. The three phase normal PCC voltages are shown in
Fig. 8(i). The load voltages and source currents waveforms are
shown in Figs. 8(ii) and (iii), respectively. These waveforms
are balanced and sinusoidal. Also, UPF is achieved at the PCC.
Hence, compensator supplies only load harmonic and reactive

TABLE II
EXPERIMENTAL SETUP PARAMETERS

System quantities Values
Source voltage 50 V rms L-N (1.0 p.u.), 50 Hz
Feeder impedance Rs = 0.3 Ω, Ls = 0.3 mH, Rs/Xs = 3.185
External impedance Lext = 6.7 mH, Rext = 0.07 Ω
Linear load Zla = 30 + j31.4 Ω, Zlb = 40 + j16 Ω,

Zlc = 50 + j31.4 Ω
Nonlinear load Three phase rectifier supplying R-L load of 50 Ω

and 100 mH
VSI parameters Vdc = 130 V, Cdc = 2600 µF, Lf = 5 mH,

Cf = 20 µF
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Fig. 9. Photograph of experimental setup.
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Fig. 10. Experimental results. (a) During normal operation (i)-(v). (b) During voltage sag (vi)-(x). (c) During voltage swell (xi)-(xv).

power in addition to reactive power requirement of the Lext.
The THDs in the load currents are 14.5%, 15.3%, and 13.6%
for phases a, b, and c, respectively. After the compensation, the
THDs in source currents are reduced to 2.4%, 2.7%, and 2.4%,
respectively in phases a, b, and c. The filter and load currents
are shown in Figs. 8(iv) and (v), respectively. These waveforms
validate the performance of flexible control strategy as 1)
source does not exchange reactive power from the system, 2)
filter does not supply additional current and reduces system
losses, and 3) UPF is maintained at the PCC. These features
are not available in conventional DSTATCOM operating in
VCM.

Approximate losses in the system are given as follows:

Ploss = 3
(
I2f1Rf + (Iims )2Rs + (Ireals )2Rs

)
. (23)

In conventional scheme, the source always exchanges reactive
power. Hence, Iims will be non-zero. Also, this current is
supplied by the filter i.e., If1 will be higher. However, in
proposed scheme, it is seen that the source does not exchange
reactive power in normal operation. Hence, Iims = 0 and If1 is
reduced. Hence, proposed scheme reduces losses in the system
and utilizes smaller VSI ratings. Small power losses will be
there due to the ESR of the external inductor. However, the
losses in the ESR will be much smaller than that of reduction
of power losses from the conventional DSTATCOM operation.

Voltage sag is created by reducing the source voltage to
0.6 p.u. at t = 0.3 s for 4 cycles. Fig. 8(vi) shows the
PCC voltages. Control of reference load voltage based on the
coordinated control of fundamental load current, PCC voltage,
and voltage across the external inductor allows DSTATCOM to
set different constant reference voltage. The proposed scheme
detects voltage sag and load voltage is changed to 0.9 p.u.

The waveforms of load voltages are shown in Fig. 8(vii). This
guarantees continuous, flexible, and robust operation of the
load. The source currents are increased during sag period as
illustrated in Fig. 8(viii). Fig. 8(ix) shows the filter currents
which increase during sag period to support the load voltage.
The load currents waveforms presented in Fig. 8(x) are nearly
constant during entire operation. Once the sag is removed at
t = 0.38 s, slowly all the waveforms reach the pre-sag values.
With the results of Figs. 8(vi)-(x), it can be concluded that the
proposed scheme makes load operation continuous.

Source voltage is increased to 1.4 p.u. at t = 0.8 s to
create swell. The PCC voltages are shown in Fig. 8(xi). The
algorithm detects swell and maintains load voltage at 1.1 p.u.
The waveforms are shown in Fig. 8(xii). The waveforms of
the source, filter, and load currents are shown in Figs. 8(xiii)-
(xv), respectively. The filter currents increase during swell
which increases the source currents as well. Load currents
are nearly constant throughout the operation. Once sag is
removed, it is detected by the algorithm and system is brought
to the steady state conditions. It confirms effectiveness of the
proposed scheme.

VIII. EXPERIMENTAL RESULTS

A reduced scale experimental prototype, as shown in Fig.
9, is developed to validate the capability of proposed scheme.
The parameters of the system are given in Table II.

Performance of the DSTATCOM and flexible control strat-
egy at the steady state is shown in Fig. 10(a). The three phase
PCC voltages, load voltages, source currents, filter currents,
and load currents are shown in Figs. 10(i)-(v), respectively.
The scheme makes both three phase source currents as well
as load voltages balanced and sinusoidal. The THDs in the
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load currents are 18.1%, 17.5%, and 19.4% for phases a, b,
and c, respectively. After the compensation, the THDs in
source currents are reduced to 3.2%, 3.6%, and 3.4%, in
respective phases. Also, source currents are in-phase with the
respective PCC voltages. It confirms that the source does not
exchange any reactive power with the system. Therefore, the
filter currents consist of harmonic and reactive component of
load current in addition to reactive current requirement of
external inductor.

The performance of the proposed scheme during voltage sag
is shown in Fig. 10(b). The PCC voltages shown in Fig. 10(vi)
are decreased to 0.6 p.u. during the sag period. The control
strategy detects sag and maintains load voltage, as shown in
Fig. 10(vii), at 0.9 p.u. during the entire sag period. Moreover,
no transient in the load voltage is noticed. It can be observed
from Fig. 10(viii) that the source currents are increased during
the sag duration. It is due to the fact that the compensator
supplies reactive current, as shown in Fig. 10(ix), towards the
source to maintain load voltage at a constant value. The load
currents are shown in Fig. 10(x). These are drawn as per the
load requirement.

Further, PCC voltages are increased to 1.4 p.u. to create
voltage swell and corresponding performance waveforms are
given in Figs. 10(xi)-(xv). Balanced and sinusoidal load volt-
ages maintained at 1.1 p.u. are shown in Fig. 10(xii). Also,
no transient is seen during normal to swell and swell to
normal. The source, filter, and load currents are shown in Figs.
10(xiii)-(xv). During swell the filter currents are more which
consequently increase the source currents. However, the load
currents are nearly same throughout the operation.

IX. CONCLUSIONS

This paper has presented design, operation, and control of
a DSTATCOM operating in voltage control mode (VCM).
After providing a detailed exploration of voltage regulation
capability of DSTATCOM under various feeder scenarios, a
benchmark design procedure for selecting suitable value of
external inductor is proposed. An algorithm is formulated
for dynamic reference load voltage magnitude generation.
The DSTATCOM has improved voltage regulation capability
with a reduced current rating VSI, reduced losses in the
VSI and feeder. Also, dynamic reference load voltage gen-
eration scheme allows DSTATCOM to set different constant
reference voltage during voltage disturbances. Simulation and
experimental results validate the effectiveness of the proposed
solution. The external inductor is a very simple and cheap so-
lution for improving the voltage regulation, however it remains
connected throughout the operation and continuous voltage
drop across it occurs. The future work includes operation of
this fixed inductor as a controlled reactor so that its effect can
be minimized by varying its inductance.
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