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Abstract—With the development in power sector, switching
elements gives a great impact with electrical load. These
elements create distortions in lines increasing the line losses,
reducing power quality and purity of sin wave. DSTATCOM
has a voltage source converter (VSC) which works in back to
back configuration with a DC coupling capacitor. At the point
of common coupling (PCC) the power is injected by the VSC
and the reference current is generated using Synchronous
reference frame control algorithm. The harmonic components
are separated from reference current, the reference is
compared with actual current and the pulse width to control
VSC is adjusted by the PI controller. The motive of proposed
approach is to illustrate using simulation in MATLAB
software. By using (FFT) analysis Total harmonic distortion
(THD) ofline current can be measured.

Keywords: Synchronous reference frame (SRF)
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L INTRODUCTION

Maintaining approx sinusoidal power distribution bus voltage
at rated magnitude and frequency is called as power quality.
The general power quality problems in three-phase four-wire
distribution system are low power factor, voltage imbalance,
load unbalance, increase in neutral current, harmonic
distortion, voltage imbalance, etc [1]. For the compensation of
current harmonics and compensation of neutral current also
improving the characteristics of the system, voltage source
converter with parallel connected capacitor is used as a
DSTATCOM [2]. The different control algorithms developed
for generating reference control signals for voltage source
converter of DSTATCOM are: power balance theory,
synchronous reference frame theory (SRF theory),
instantaneous reference frame theory (p-q theory).In this
paper, the control approach is based on synchronous reference
frame theory which is used for generation of control signal for
voltage source converter of DSTATCOM in three phase four
leg four-wire (3P4AW) distribution system [3-10] The
advantages of DSTATCOM are-

(a) Operation of DSTATCOM supported by means of a
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capacitor.
(b) Neutral current compensation
(c) Load balancing
(d) Perform under non-sinusoidal supply condition.
(e) Indirect current compensation.

IL SYSTEM DESCRIPTION

The system represents a three phase four wire system main
components of system are Source followed by a VI
measurement, nonlinear load for balance and unbalanced
system and there is a DSTATCOM connected in parallel for
which gating signals are provided by the pulse generator also
including subcomponents as, Voltage source inverter, DC link
capacitor, Reference current generator and Current Controller
shown in Fig1.
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Fig.1. Block diagram of proposed system

DSTATCOM consists of a typical three-phase Insulated Gate
Bipolar Transistor (IGBT) based four leg VSC bridge with the
dc bus capacitor. An extra leg is added to control the current in
neutral wire. DSTATCOM is used for instant monitoring of
load current, improvement of power factor, regulation of
voltage along with, elimination of harmonics, current
compensation and maintaining the linear and nonlinear loads
also generation of reference compensating current [3]. The
gate pulse generator used for giving the gate pulses to the VSC
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of DSTATCOM as well as for the neutral. In this block all the
control pulses exists and also consist Reference current
generation, PI controllers, HBCC, PLL etc [4].

Algorithm of PI controller involves two separate parameters:
The Proportional parameter determines equation of the current
error; Integral parameter determines the equation based on the
sum of recent errors [5,8].

Correct regulation of proportional controller’s value plays an
important role in DC voltage control system’s response. Too
much increase in proportional gain may leads to unsteadiness
(fluctuations) in control system and too much reduction
decreases the responding speed of control system. Further the
Integral gain of controller modifies the steady state error.
Hence the systembecomes stable only at a particular regulated
value of PI controller. Many techniques of generation of
gating pulses but the most widely used technique is hysteresis
controller because of this simplicity and quick response. In
hysteresis controller the reference current which was obtained
by SRF technique is compared with the filter current and
provides the gate pulses for DSTATCOM [12,19].

III. METHODOLY

A. Synchronous reference frame (SRF) method

The SRFT is used in this proposed work for the control of
(3P4W) three-phase four wire DSTATCOM. The Iload
currents ip,,, iy, and ij,. the PCC voltages Vg,, Vipand
Vi and a dc bus voltage Vg, of DSTATCOM is sensed as
feedback signals, the transformation of coordinates from a
three-phase a-b-c stationery coordinate to 0-¢38-® further in
0-d-q rotating coordinate wusing Park’s and Clark’s
transformation and further the inverse of the same system.
This transformation is necessary for the sake of 0-d-q
reference frame signal which can effectively be controlled to
get the desired reference output signal [11-14].
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Fig.2 Block diagram of Synchronous reference frame (SRF)
method

B. CONTROL ALGORITHM

Fig. 3 shows the control algorithm consisting srf algorithm. In
this work the cos6 and sin® are determined using a three-
phase phase-locked loop (PLL). A Phase loop signal is
obtained from voltages at terminal for fundamental unit
vectors generation for transformation of sensed currents to the
d-q-0 reference frame [11].

; [cos® cos(B— 2?“) cos(0 + ZTTI) ] I
.qu 2 | . . 21t . 2T | Lxa
ixa| =3 [sin® sin(6 —=) sin (9 - ?) o[ (D
. | 1
Ixo0 I 1 1 1 | Lxc
2 2

A unit vector control technique requires only two feedback
sensors for source voltages (Vg,, Vsxpand Vg, ), one feedback
sensor for dc bus voltage (V4.) , one feedback sensor for
source currents(ig,,, igpand ixg. ), and last sensor for the third
phase voltage Vg, [-(Voxa Vs )] & current ig. [- (1gyq, Hexp )]

The main feature of unit based template control technique is to
reduce number of feedback sensors which will improve
performance of DSTATCOM, It is the effective solution to
mitigate harmonics, load unbalancing, power factor correction,
reactive power control and neutral current compensation [7].
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Fig 3 Synchronous Reference Frame Control Strategy

Vsxa = Vinp sin(ot) @
Vexb = Vimp sin(wt — 120°) (©))
Vixe = Vimp sin(wt — 240 °) 4)

The magnitude of three phase voltages (Vg,, Vg,and V) at
PCC is given by:

2 2 2
V.. = 2(Vsxa +Vsxb +VXsc') 5
tt — 3 ( )
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The in-phase component of unit templates (ug,, ug,, and
ug.) are calculated from (Vg,, Vg,and V) which are given by

Vsxa _ Vsxb

_ Vsxc

Usxa = Vie > Ugp Vir > Uge = Vie (6)

A summing block separated desirable and undesirable
parameters further by using low-pass filter the unwanted
parameters (harmonics) which can be removed from the
reference signal. The direct-axis and quadrature-axis currents
consist of Fundamental component as well as harmonic
components,

ILxd = Iddc + Idac (7)
Iqu = quc + Iqac (8)

The d-q parameter of the load currents are calcuated from
the following equations:

. . 2T . 2m
ILxd] _2 sinwt  sin(wt— ?) sin(wt + ?) ©
lixal = 3 | cos wt cos(wt — Z?H) cos(wt + Z?n)
Vacte = Vacrr = Vaa (10)
Vite = Vier — Vit (11)

Vyc+and Vg4, are the reference voltage and actual voltage of DC
bus and V; and V. are amplitude of PCC voltage and the
reference voltage at PCC respectively.Vy, Is error in
DC bus voltage, V. is error in amplitude of the PCC voltage
PI controllers output corresponds to required current for self
supporting DC bus and voltage regulation at PCC as:

Iccd = Kpd Vdcle + Kid fvdcle dt (12)

Iccq = qu Vite + Kiq fvtt dt (13)
Kpq and K, are the proportional and integral gains of the PI
controller over the PCC voltage, K,q and K;q are the

proportional and integral gains of the PI controller over the
DC bus voltage, the SRF control theory is based on the
transformation of currents in synchronously rotating three to
two dimensional frame d-q frame. The desired source current
in d-q frame are obtain as,

Lsxa=Traaci Hcea (14)
stq* = Iqucl +Iccq (15)

Where I, 4+ and g, are estimated dc components of active

and reactive component of reference Source currents in d-q
frame. I, and I .4 are the output results of the DC voltage

of Proportional integral controller and AC voltage PI

controller respectively. The standard value of I;,4 and I},

are obtain from the two alike low pass filters I,;4. and
I} 4ac- The reference source currents are achieved as:

Loxa
Iop*| =
| *

SXC

coswt
; _m ; 2T | Teyq
sin(wt 3 ) sin(wt+ 3 ) [std ] (16)

sinwt

sxq*
cos(wt — z?ﬁ) cos(wt+ 2?“)

Where the signals sinwt and cos wt are obtained using the
phase locked loop (PLL) over point of common coupling
(PCC) voltage. Three-phase source reference currents are
obtained by inverse Park’s transfromation. In a summing
block, the source  (I4,, gy, k) and reference currents
(Isxa*s Isxp*s Isxe*) are compared and a proportional controller
is used for amplify these error currents in all the phases before
compared with a source current to generate the gating pulses
for six IGBT switches of VSC of DSTATCOM. The generated
gating pulses control the IGBT switches to inject the current
such that the sensed source currents accurately follow the
reference source currents [18,19].

IV. RESULTS AND DISCUSSION

(a) Output waveform analysis of SRF based
DSTATCOM with balance linear load for the
compensation of harmonic components

Under balanced system timings of circuit breakers are

identical to each other also the load must having identical load
parameters.

NN NN NN,
RO

;gg i T i ] i j .

A0t load neutral current
4
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Fig.4 The performance analysis for linear balance load
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It is observed that the at time t=0 to t=0.1 sec the
DSTATCOM is switched OFF the source current is out of
phase with source voltage and distorted at time t=0.1sec the
DSTATCOM is switched ON the source current is setting
down at time t=0.3 sec and in phase with the source voltage as
we desired ideally.
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Fig.5 THD analysis

Fig.5 shows the harmonic distortion study of supply current
before compensation the THD was 23.57% which is
insupportable hence the harmonic distortion analysis of supply
current after compensation the THD was 5.04%.

(b) Results analysis of SRF based DSTATCOM with
unbalance linear load for load balancing and neutral
current compensation
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Fig.6 The performance analysis for linear unbalance load

It is found that at t=0 to t=0.1sec when the controller was off
the source voltage and current are out of phase. Fig.6 shows
the performance analysis for unbalanced linear load. This
figure shows that at t=0.1sec when the controller was on the
source current settled down in phase at t=0.3sec. Fig. 7 shows
the FFT analysis for unbalanced nonlinear load, The THD was
23.57% which is intolerable hence the harmonic distortion
analysis of supply current after compensation. The THD was
5.17%.
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Fig.7 THD analysis

V. CONCLUSION

A innovative control scheme based on synchronous reference
frame (SRF) theory had been used for the four-leg
DSTATCOM for three-phase four-wire distribution system to
improve the performance under Balanced/ unbalanced linear
load condition. The model was developed using Simulink and
Sim Power System toolbox. The simulation was performed for
balanced unbalance linear loads. It was seen that before the
compensation for current was provided, the current and the
voltage waveforms were out of phase not a pure sine wave .
The SRF based DSTATCOM was connected in the system,
the compensation for current was provided, and making the
current and voltage waveforms in phase and make
approximate sinusoidal waveform. The following objectives
have been successfully achieved.
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LI Harmonics Current Compensation.
LI Voltage Regulation
L Load balancing

APPENDIX
Table I-: Simulink performance parameters
param Unit lanced linear )balanced linear
eter load load
Vv, Volts 600 600
I Ampere 25 25
Vaq | Volts 630 630
Vi Volts 585 585
Iix Ampere 14 14
Iin Ampere 4 4
Isn Ampere 2 2
Ien Ampere 4 4
Iec Ampere 25 25
Thd % 4.97 5.17

Three phase supply voltage=415V, 50Hz.

Supply Impedance: Rs=0.01Q, Ls=1mH

Unbalanced/ Balanced Non-Linear loads: Three single phase
diode bridge rectifier R=25() and L=8mH

DC bus Capacitor Cdc=4000 pF

DC bus PI Controller: K, =0.10,K; = 0.1

Low pass filter :225Khz pf:0.707
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