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A Simple Control of STATCOM for Non-linear Load
Compensation

Prakash Ji Barnawal

Abstract-This paper presents a simple controller for non-
linear load compensation by using a three-phase voltage
source converter (VSC) based static synchronous
compensator (STATCOM). The PI tuning criteria ‘modulus
optimum (MO)’ and ‘symmetric optimum (SO)’ are used in
order to make the system faster, robust and disturbance free.
The controller forces the source quadrature current to be
zero so that the source supplies only real power to the load.
The proposed scheme is simulated in MATLAB environment.

Keywords-DC voltage control, modulus optimum criterion,
static synchronous compensator, symmetric optimum
criterion, voltage source converter.

NOMENCLATURE

MO Modulus optimum

PCC  Point of common coupling
SO Symmetric optimum

VSC  \oltage source converter
Vi PCC line-line voltage

Tabc Three-phase source current

Ve DC capacitor voltage

L AC inductor

R Resistance of AC inductor

Kpi Proportional gain of current PI controller

Ki Integral gain of current PI controller

Ti Integral time constant of current PI controller

Kpo Proportional gain of DC voltage PI controller

Kio Integral gain of DC voltage PI controller

To Integral time constant of DC voltage PI controller

l. INTRODUCTION

The power quality has always been a matter of concern for
any electrical distribution system. It involves the
consideration not only from the source side but also from
the load side. Since last few decades, the use of power
electronic interfaces has been increased to a great extent
that allows the consumer to use the power in the required
way. The use of such interfaces distorts the system
waveforms and causes a poor power quality. The IEEE
100 (authoritative dictionary of IEEE standard terms)
acknowledges the definition of the power quality [1].
IEEE 519-1992 standards prescribe the power practices
and requirements for limiting the harmonics in the power
system [2].
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Reactive power arises due to the energy storing elements
viz. inductor and capacitor in the electrical network and
refers to the portion of power which does not contribute to
the energy conversion / transformation but circulates back
and forth in each cycle in the power system [3-4]. It is
primarily responsible for maintaining the voltages for the
normal operation of the electrical power system and is
required for the magnetization of the electric machines as
well [5]. With the reactive load connected in the electrical
network the power factor becomes worsen. As a
consequence, the reactive power demanded by the load
from the source should be kept a minimum.

It is possible to improve the power factor by means of a
compensator which generates the reactive power equal and
opposite to the load reactive power and does not affect the
active power of the load. Active compensators based on
the custom power devices are nowadays common in
industry  applications for both reactive  power
compensation (power factor correction) as well as
harmonic mitigation. However, the reactive power
compensation should be provided as close as possible to
the consumer / load point.

The STATCOM is the second generation shunt connected
FACTS device that works as a static VAR compensator.
The choice of STATCOM lies behind its property of faster
and better transient / dynamic responses, and enhanced
capability to exchange power [6]. However, the proper
working of the STATCOM is dependent on the switching
signals generated by its controller [7]. This paper basically
focuses on the design of a controller for STATCOM.

Many literatures [7-12] have already proposed the
designing of controller for STATCOM. Singh et al. [7]
presented control algorithm based on correlation and cross
correlation  function approach for power quality
improvement. Schauder et al. [8] presented two advanced
static VAR compensator inverter for control of the output
voltage magnitude and phase angle. Chen et al. [9]
presented a novel STATCOM controller with a fixed
modulation index reference to minimize the voltage and
current harmonics. Cheng et al. [10] presented an
integrated model of energy storage system and
STATCOM. Escobar et al. [11] presented a passivity-
based controller for a STATCOM for the compensation of
reactive power and harmonics. Ledwich et al. [12]
presented a paper where a discussion on voltage and
current control of STATCOM is given.

In this paper, a brief description of the STATCOM system
and its control scheme is discussed. The control scheme is
developed such that the controller forces the source
current to be sinusoidal. The performance results of the
control scheme are shown with the help of the harmonic
spectra and waveforms.
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I1. SYSTEM DESCRIPTION AND PROPOSED
CONTROLLER SCHEME

The configuration of the system is represented as shown in
Fig.1. An AC supply is acting as a source of magnitude V
and frequency f. Here, the STATCOM s represented as a
three-phase VSC empowered by a large DC capacitor.
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Fig.1. The configuration of the proposed system.

The proposed control schematic for the STATCOM is
illustrated in Fig.2. The objective of the controller is to
generate the switching pulses in such a way so that it could
compensate the non-linear load and force the source
currents to be sinusoidal. It is achieved by voltage oriented
control wherein two loops (viz. inner current control loop
and outer DC voltage control loop are involved) and the
source quadrature component is forced to be zero so that
only real power is supplied by the source to the non-linear
load.

For the conversion from the a-b-c reference frame to
synchronously rotating d-q reference frame, two
transformations are required. Clark’s transformation is
used to convert three-phase AC quantities from a-b-c
reference frame into a-p reference frame and Park’s
transformation is applied for converting o-f reference
frame into d-q reference frame. The reason behind
choosing d-q reference frame is its ability to decouple both
the real and reactive powers and making them independent
of each other.
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Fig.2. Proposed control schematic for STATCOM.

The involved PI controllers can be tuned by means of
different tuning methods. However, tuning of the PI
controller parameters is always a challenging job to
engineers because of uncertain plant. Every tuning method
has its own constraints and limitations as thoroughly
discussed in [13]. The ‘modulus optimum (MO)’ and
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‘symmetric optimum (SO)’ criteria are identified as one of
the straightforward optimum PI tuning criteria offering
satisfactory set-point response of the closed-loop system
without requiring complete plant model [13-14]. In order
to make the inner current control loop work faster and
oscillation free, the tuning of the inner loop current PI
controller is carried out with the MO criterion wherein, the
dominant pole of the plant is cancelled with the controller
zero. On the other hand, the tuning of the outer-loop DC
voltage Pl controller is carried out with the SO criterion
[15] in order to achieve optimum regulation and system
stability along with better rejection to the disturbance and
maximized phase margin. A modus operandi is presented
in the upcoming sub-sections so as to calculate the PI
controller gains for the inner current as well as outer DC
voltage control loops.

A. Current control loop

The block-diagram of the current control loop is shown in
Fig.3. The PWM converter acts as a transformer with a
time-lag converting the reference voltage to a different
voltage level. The average time-lag T, for the control
delay and PWM converter blocks as shown in Fig.3 is 1.5
times the sampling time T, of the current control loop

[13].

Tw =15 Tsample (1)
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Fig.3. Block-diagram of the inner current control loop.

The open-loop transfer function for the current control
loop is given as

i 1+Ts 1 11(.1
coL(s) i i; pn[ Ts J[1+TWS] R (1+ZSJ @

where, T, = (K;/K))and7 = L/R.

In order to make the current control loop work faster and
oscillation free, tuning of the PI controller is carried out
with MO criterion. After applying the MO tuning criterion,
the closed-loop transfer function of the current control
loop is found to be as

1

Goo ()= o™
ca(®) 2T2.8% +2T,5+1

®)

It can easily be deduced from the transfer function
mentioned above that the damping ratio is £ =0.707 . The

estimated values of the proportional and integral gains of
the current PI controller are

K :i and

P oT Ti=r1 (4)
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B. DC voltage control loop

The block-diagram of the DC voltage control loop is
shown in Fig.4. The open-loop transfer function of the
outer control loop may be given as

KooK 1+Tos. 1 (®)
sT Tes J\1+T,.s

where, K=vy/Vy.and T=2C/3 T, =2T, +10T .

Go oL (5) =

*

Control Inner Current

Vdc

System

Delay Control Loop

Ve Pl
? Controller

Fig.4. Block-diagram representation of the outer DC voltage
control loop.

The tuning of the DC voltage control loop is carried out
with SO criterion. After applying the SO tuning criterion,
the closed-loop transfer function for the DC voltage
control loop is given as

1+a%T,s
(@T,s+1fa’T2 s +a(a-1)T,s+1)

(6)

Go e (8)=
The estimated values of the proportional and integral gains
of the DC voltage PI controller are

.
Koo = aKT, 0TS e

U]

where, the value of parameter ‘a’ may vary from 2 to 4
[13]. The calculated values of the controller parameters are
listed in Table-1.

Table.1: System parameters

Controller

Parameters Value Parameters Value
Vio 415V Kpi 26.06
Vge 800 V Ki 12000
R 1.8Q Kpo 2.5829
L 3.91 mH Kio 445.3274

I11. SIMULATION RESULTS

An unbalanced non-linear inductive load is connected at
the PCC. The non-linear loads drawing harmonic currents
from the AC source result in the distortion in the voltage
waveforms at the PCC, the magnitude of which mainly
depends on the source impedance [16]. However, in this
paper, the stiff AC supply system with negligible (almost
zero) impedance is considered between the AC source and
the PCC. In simulation model, three single-phase diode
bridge rectifiers connected in delta configuration and
feeding the impedances of values 12+j120e-3, 24+j12e-3
and 36+j1.2e-3, respectively at the DC side constitute an
unbalanced non-linear load connected at the PCC.
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Fig.5. Performance of the proposed STATCOM control—(a) DC
capacitor voltage (b) voltages at PCC, (c) load currents for
phases a, b and c, respectively (d) inverter (STATCOM)
currents for phases a, b and c, respectively (e) source
currents.
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The waveforms for the different currents and voltages are
presented along with current harmonic spectra as shown in
Figs. 5-6. From Fig.5 (a) it can be seen that the DC
voltage is settled at its reference value of 800 volts. Fig.5
(b) shows the voltages at the PCC which is completely
sinusoidal. The load currents profile is shown in Fig.5 (c).
The inverter (STATCOM) current compensation is shown
in Fig.5 (d) and the three-phase source currents are shown
in Fig.5 (e). Further, Fig.6 shows the harmonic spectra of
the load and the source currents for all three phases. The
THDs of the load and the source currents are listed in
Table-2.
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Fig.6. Load and source current waveforms and their harmonic
spectra—i(a) phase ‘a’ (b) phase ‘b’ (c) phase ‘c’.

It is worth noticeable that for a standard single-phase
bridge rectifier (which is used here in constituting the non-
linear load), the number of pulses p = 2 in one cycle of the
line frequency and, therefore, the characteristic harmonics
are h = 2n +1 viz. 1 (fundamental), 3, 5, 7, 9, 11... etc.
wherein, the lower order harmonics such as 3", 5" and 71
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are dominant [17]. This is also apparent in the current
harmonic spectra shown in Fig.6. It can be concluded that
the STATCOM controller forces the source current to be
sinusoidal by compensating the non-linearity in the load-
currents. Further, the THDs of the source currents are
within 5% as per IEEE-519 standard.

Table.2: THDs of the source and load currents

Source Current Load Current

Phase ~Magnitude THD Magnitude THD
(A) (%) (A) (%)

a 39.63 291 31.94 29.05

b 37.95 3.81 34.64 30.43

c 39.22 3.57 26.17 21.05

IV. CONCLUSIONS

A simple control of a three-phase VSC based STATCOM
was presented and studied. For obtaining oscillation and
delay free response, two different tuning criteria i.e. MO
and SO were applied. These tuning criteria were found to
be responding very well. The voltage and current
waveforms corresponding to the case of unbalanced non-
linear load were observed and the controller was found
functioning well. The THDs of the source currents were
found to be under the limit of 5% as per IEEE-519
standard.

REFERENCES

[1] IEEE 100, The Authoritative Dictionary of IEEE Standard
Terms, Seventh Edition, 2000, p. 234.

[2] IEEE recommended practices and requirements for
harmonic control in electrical power systems, IEEE
Standard 519-1992, New York/USA, IEEE, 1992.

[3] R. Nagaraja, “An insight into reactive power”, Power
Research and Development Consultants Newsletter, Vol. 4,
Issue 3 & 4, Jul.-Dec. 2014, pp. 4-9.

[4] Shekhar M. Kelapure, “Reactive power management — an
overview”, Power Research and Development Consultants
Newsletter, VVol. 4, Issue 3 & 4, Jul.-Dec. 2014, pp. 14-15.

[5] Rakesha H.S. and K. Balaraman, “Reactive power market in
select countries”, Power Research and Development
Consultants Newsletter, VVol. 4, Issue 3 & 4, Jul.-Dec. 2014,
pp. 16-18.

[6] N. Hingorani and L. Gyugyi, Understanding FACTS—
Concepts and Technology of Flexible AC Transmission
Systems. Piscataway, NJ: IEEE Press/Wiley, 2000.

[7] Bhim Singh and Sabha Raj Arya, “Design and contol of a
DSTATCOM for power quality improvement using croos-
correlation function approach”, Int. Journal of Engineering
Science and Technology, Vol. 4, No.1, 2012, pp. 74-86.

[8] C. Schauder and H. Mehta, “Vector analysis and control of
advanced static VAr compensators”, Proc. Inst. Electr. Eng.
Generation, Transmission, Distribution, Vol. 140, No. 4, Jul.
1993, pp. 299-306.

[9] B.-S. Chen and Y.Y. Hsu, “An analytical approach to
harmonic analysis and controller design of a STATCOM”,
IEEE Trans. Power Del., Vol. 22, No. 1, Jan. 2007, pp. 423—
432.

[10] Y. Cheng, C. Qian, M.L. Crow, S. Pekarek and S. Atcitty,
“A comparison of diode clamped and cascaded multilevel
converters for a STATCOM with energy storage”, IEEE
Trans. Ind. Electron., Vol. 53, No. 5, Oct. 2006, pp. 1512-
1521.



[11] G. Escobar, A.M. Stankovic and P. Mattavelli, “An adaptive
controller in stationary reference frame for D-STATCOM in
unbalanced operation”, IEEE Trans. Ind. Electron., Vol. 51,
No. 2, Apr. 2004, pp. 401-409.

[12] G. Ledwich and A. Ghosh, “A flexible DSTATCOM
operating in voltage or current control mode,” Proc. Inst.
Elect. Eng., Gen. Transn. Distrib. , Vol. 149, Mar. 2002, pp.
215-224.

[13] S.M. Tripathi, A.N. Tiwari and D. Singh, “Optimum design
of propotional-integral controllers in grid-integrated PMSG-
based wind energry conversion system”, Int. Trans. Electr.
Energy Syst., Vol. 26, Issue 5, May 2016, pp. 1006-1031.

[14] K.G. Papadopoulos and N.I. Margaris, “Extending the
symmetrical optimum criterion to the design of PID type-p
control loops™, Journal of Process Control, Vol. 22, 2012,
pp.11-25.

[15] Prakash Ji Barnawal and S.M. Tripathi, “Non-linear Load
Compensation using STATCOM”, Int. Conf. on Emerging
Trends in Electrical, Electronics and Sustainable Energy
Systems, Sultanpur, India, Mar. 11-12, 2016, Vol. 1, pp.
270-274.

[16] P. Salmer6n and S.P. Litran, “Improvement of the electric
power quality using series active and shunt passive filters”,
IEEE Transactions on Power Delivery, Vol. 25, No. 2, April
2010, pp. 1058-1067.

[17] “Harmonics in power systems: causes, effects and control”,
Whitepaper, Siemens Industry, Inc., May 2013, pp. 1-24.

ACKNOWLEDGEMENT

The work is supported by the World Bank assisted
TEQIP-II at KNIT, Sultanpur by providing seed money
grant for P.G. Project under ‘Research Promotion Scheme’
(No. 369 / WBTEQIP / 2015).

Asian Power Electronics Journal, Vol. 11, No. 1, July 2017
BIOGRAPHIES

Prakash Ji Barnawal was born in Bhadohi,
India in 1991. He completed his B.Tech. degree
from Galgotias College of Engineering &
Technology, (U.P.), India in the year 2014 and
M.Tech. degree in Power Electronics & Drives
from Kamla Nehru Institute of Technology, (U.P.)
4 India in the year 2016. His fields of current
g~ ; interest include power quality, power electronics
and electric drives.

Saurabh Mani Tripathi was born in Amethi
(U.P), India and is presently working as
Assistant Professor of Electrical Engineering at
Kamla Nehru Institute of Technology, Sultanpur
(U.P.) India. He obtained his B.Tech. degree in
Electrical & Electronics Engineering and did his
M.Tech. in Electrical Engineering  with
specialization in Power Electronics & Drives
from Uttar Pradesh Technical University,
Lucknow, India in the years 2006 and 2009,
respectively. He obtained his Ph.D. degree in Electrical Engineering from
Dr. A.P.J. Abdul Kalam Technical University, Lucknow, India in the year
2016. He has authored three engineering books and has published over 35
research papers in reputed international / national journals and
conferences as well. He has also concluded two research projects
successfully. He was honored ‘Author of the Month” in January—2009
issue of The Librarian Journal’ published by Laxmi Publications, New
Delhi, India. He also got recognition in Marquis Who’s Who in the World
(A Who’s Who in America Publication). He has supervised over 16
dissertations of M. Tech. students. He is the Member of the 1E(I), IAENG,
ISEE, WASET as well as the Life Member of the ISTE. His areas of
current interest include electrical drives, renewable energy systems and
power quality.

32



