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Abstract: This paper addresses a novel control strategy dependent static synchronous compensator (STATCOM)
to intensify power quality for efficacious power transfer and frequency control of a grid-pertinent wind farms.
This proposed system consist of two wind power generating systems in which one generator replicated by an
commensurate doubly-fed asynchronous generator operated by an tantamount wind turbine while other generator
is simulated by an squirrel-cage rotor asynchronous generator driven by wind turbine. The dynamic changes in
load will create dearth for active and reactive power at load bus resulting in variations in frequency and magnitude
load voltage. This quandary can be elucidated by amalgamating the modifiable reactive power fount (STATCOM)
at load bus so that voltage can be regulated, simultaneously the reactive power strain on wind farm is reduced so
that active power injected in to grid increases which stabilizes the grid frequency. Three conditions are designed (I)
autonomous mode, (II) grid- amalgamated mode and (III) grid-amalgamated mode with STATCOM, are examined
to juxtapose their dynamic and transitory behavior. From Results it can be observed that case-1II best contended
the dynamic recompense demand out of all conditions.
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1 Introduction 1.1 Literature Survey

In past twenty years, in the place of conventional
The electrical supply from conventional sources are resources using renewable energy resources the non
not able to fulfill the load demand and thus increasing conventional and distributed energy resources are so-
the power quality problems and environmental pollu- lution in later the power demand and overcome the
tion [1,2].Due to the usage of intermittent renewable power quality problems. Regardless of their discon-
energy and connecting to grid may result in certain tinuous attitude and intrinsic defaults, Multiple wind
problems like-Issues of synchronization, Power qual- RES is utilized to fulfill the load demands with good
ity issues, Voltage quality issues, Bidirectional power reliability and without power interrupts. The intermit-
flow, Power complexity issues, Additional compen- tent nature of these sources will affect critical stability
sation circuit is required. The drastic increase in the between RES and connected loads. As a result vari-
power demand because of heavy industries, domestic ations in system bus voltage, frequency, power sys-
and agriculture needs. The energy obtained from wind tem oscillations and generation of unnecessary reac-
farm is a atmospheric-receptive type of empirical sys- tive power is caused which effecting the system power
tem because of non-appearance of discharge deleteri- quality and stability [7]. stand-alone Wind farms
ous to the atmosphere. The maximum customary type seems to comfortable for stand-alone low power de-
of Megawatt-range wind farms deploys asynchronous mand application. Philip et al [8] explained prob-
generators as they are comparatively less cost, stiff lems with solar integration and suggested that sum
and crave less maintenance. The dynamics of wind of Decentralized generation and energy storage sys-
velocity will impact on power quality linked with the tems may increase the trait of power. Power quality
requirement for an excitation current make the volt- issues are reducing by using power electronic based
age regulation strenuous, particularly when the IG is FACTS devices [9].Several devices are used investi-
integrated to a fragile ac system [3]-[6] gated providing expected results. In order to suppress
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unwanted internal swings in power systems various
devices like SVC,STATCOM,PSS were examined and
collated [10].The integrated SVC and STATCOM sys-
tem based on effective voltage control strategy on a
linked transmission system with asynchronous gener-
ators in wind farm was examined[11]. The imperti-
nent postulation of an independent wind driven asyn-
chronous generator [IG] was represented by prakash
et al [12] though different strategies and regulation
techniques are discussed in the research, by using typ-
ical controllers faced some power quality problems.
In this situations, FACTS devices are better for im-
provement of power quality [13]. Compare to other
FACTS devices STATCOM and SVC are better for
reactive power compensation and voltage profile sup-
port [14]. SVC is a good FACTS device for enhance
power quality issues in HRES [15, 16] based reactive
power control. STATCOM have better performance
compare to SVC [17,18]. The independent current
control of STATCOM based on reference frame ac-
quired appreciable recognition in [19,20]. The au-
thors conferred a noteworthy forward by making the
d-axis inevitably be coordinate with the source volt-
age, where active and reactive power were dappled.
The mismatch in the active ad reactive power and the
DC link voltage drop is compensated with the help
of feed forwarded reactive current control loop [21].
More information may be found in [22-31] about the
power quality, reactive power compensation and con-
trol strategy for FACTs devices.

1.2 Organization of the article

The rest of this work includes the comprehensive
modeling, simulation and widespread performance
scrutiny of Wind farm energy system integrated to
grid through power converter interface. To emulate
pragmatic conditions these intermittent nature of wind
farm is connected to highly varying ac loads. This dy-
namical nature of mixed loads will definitely create
the dearth of reactive power eventually voltage drop
occurs at load bus. Under these conditions, STAT-
COM is anticipated to be a exclusive device. It is ver-
ified to enhance the voltage regulation in autonomous
systems as preferred by several authors. This com-
plete case study is modeled and simulated in MAT-
LAB/Simulink 2018(a). The Results will evaluate the
pursuance and substantiate the practicability of the
grid- amalgamated wind farm system among solitary
systems and to validate the appropriateness of STAT-
COM in the enhancement of the voltage portrait of
load bus.
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Figure 1: Diagram of Distribution system

2 System Description

Fig.1 depicts the structure of generation with STAT-
COM interconnected to distribution grid. This wind
farm is integration two wind turbine-generation sys-
tems i.e. (1) Wind turbine with Double fed induction
generation system(DFAG) [1I0MW] (ii) Wind turbines
[3x3mw] coupled with induction generators for elec-
trical power production. Power electronic devices as
very useful to interface, integrate and inject power
to grid. In wind for MPPT combined with pitch an-
gle controller is employed to Overcome any damages
above the maximum speeds by governing the pitch
angle. The Wind turbine with Double fed induc-
tion generation system(DFAG),Wind turbines coupled
with induction generators, The AC loads, wind gen-
eration and STATCOM are integrated at the point of
common coupling ad it is fed with the grid through
the step-up transformer. The mathematical model ca e
analyzed in the following way. A STATCOM is com-
bined with normal PI control observed allowed val-
ues of load bus voltage and current. The triggering
signals are produced correspondingly, which govern
STATCOM reactive power regarding to discrepancy.
The different AC loads are taken to analyze the sys-
tem.

3 Wind energy conversion system

3.1 Wind Turbine Model

Usually wind farm have various positioned turbines to
fulfill a single objective to gather the mechanical en-
ergy. Thus obtained mechanical energy transformed
into electrical energy with the help electrical genera-
tors. The mechanical output energy generated by tur-
bine mainly depends on air density, radius of blade,
wind velocity and power coefficient. This power co-
efficient depends on tip speed ratio and pitch angle.
The expression for mechanical power is given as

1
P, = imﬁvgcp (1)
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3.2 Turbine control by Pitch Angle

The turbine blade pitch angle is controlled by limit-
ing the output power of generator .Basically induc-
tion generator speed is slightly higher then the syn-
chronous speed but the speed changes commonly. So
that the WTAG is treated to be attached speed wind
generator. By using PT controller to control the pitch
angle and it is maintained at zero degree, restraint
electrical power to the exhibited mechanical power
when it is more than its ostensible value then the pitch
angle also escalates with the help of PI controller the
control system pitch angle control shown in Fig.2

(I).\IAX

Pitch
Angle

Controller (PI)

q))llN

Figure 2: PI controller the control system pitch angle
control

3.3 Mass Spring Damper system and Induc-
tion Generator

Fig 3 Schematic diagram of the suggested DFIG, the
main effect of this model gear box between the DFAG
and WT has been included. The per unit values of
current and voltage equations of an IG [22]-[23] and
it can be used for the electrical equipments of the
WDFAG.

Figure 3: Schematic diagram of DFAG
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The DFAG and the wind turbine gearbox equiv-
alent circuit is consider in this model. The voltage
and current of proposed system is analyzed with the
p-u. system [24]-[ 26] and [27]-[33]. The schematic
diagram of wind DFAG is shown in fig.3 low voltage
side of the 575/25kv step up transformer is converted
with starter winding of DFAG and rotor is connected
with another side through rotor power converter grid
side converter and connection line.

4 STATCOM

STATCOM is connected parallel to the load. It can be
used for eliminating the voltage cohesion problems,
enhance the voltage regulation and reactive power
compensation [15].By using VSC the generation or
absorbing of reactive power depends on our require-
ments, below equations shows the active and reactive
powers with two different voltage sources VT and VS.
The Schematic diagram of STATCOM is shown in Fig
04.

AC Bus
Vr
y IC
Linking
Transformer
Qc
X Leakage
reactance
Ve
VSC
Ve | |
|

Figure 4: The Schematic diagram of STATCOM

Where,
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Vr AC bus voltage to be maintained stiff

Vs Output Voltage of VSC

X Transformer Reactance

0 Angle between V and Vg Under Normal condition,
Vr and Vg are in phase and ¢ is equal to zero degrees
under such circumstances the reactive power will be
exchanged between them. Two circumstances may
get; Vr is greater than VS or vice—versa. Therefore,
the quantity of reactive power consumed or injected is
calculated.

S5 Control stategy

This control structure principle is to interject the cur-
rents into the grid using “dq control theory.” The pri-
mary intention of control plan is to generate trigger-
ing signals to the VSC used in STATCOM shown in
Fig.5. The control plan requires the parameters such
as grid voltages, currents, DC link voltage. Phased
locked loop is used for grid synchronization. Q-axis
reference voltage is obtained by comparing the mea-
sured three phase grid voltages with reference ac volt-
ages .The measured value of dc link capacitor volt-
age is collated with command dc voltage and the error
passed through PI controller to generate reference d-
axis current . The generated command dg-axis currents
is then compared original dqg-axis currents to gener-
ate reference voltages for PWM modulator to gener-
ate switching signals for STATCOM to inject required
reactive current.

L
| T

L DC Voltage

Measuremen

Puls

Figure 5: Control strategy for STATCOM

6 Simulation results and Discussion

The proposed control strategy for power quality im-
provement is developed in MATLAB (2017b) version.
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6.1 Wind speed

The generator-1 consider as the base generation.
Generatore-2 is considered to create the dynamic vari-
ations in the generation. The wind speed of the gen-
erator 2 shows the variations in wind speed . It is dis-
played in Fig 06.

Wind Speed of Generator-1 Wind Speed of Generator-2

-T.

X4 A 9%
in i

Wind Speed{m/scc)
Wind Speed(nsce)

X: 1001
Y:Rol4

(] 5 (] 15 ] 0 5 10 15 N
Time (seconds) Time (seconds)

Figure 6: Wind speed profile of Generator 1 and 2

6.2 Variation in load voltage

Sudden switching of the inductive load and the volt-
age variation is shown in Fig 07. In the first case, the
voltage drop variations is more due to switching of R-
L load as plotted in the case-1 figure during the t=3sec
to 9sec. However the reactive power obtained from
suggested system is inadequate as a result the voltage
drop occurs at load bus. In the case-II, voltage portrait
is revised up to some extent but due to the lack of the
grid to support such a high inductive load along with
large resistive loads, the voltage profile still needs to
be improved further. In case-III, the STATCOM is de-
ployed. The results in the case-III shows the better
voltage profile improvement compared to case-I1 and
case Il respectively.

Load voltages in different cases is shown in Fig
09. Dynamic switching of inductive load t=3sec to
t=9sec is shown. During this period in case three
shows that the voltage profile improved with the
STATCOM.

According to dynamic switching of the four loads
reactive performance is shown in the figure. The
loadl, 2 are restive loads and the load3 is R-L load
and Load 4 is the Inductive load. According to dy-
namic switching of the load performance is shown in
the figure

According to dynamic switching of the four loads
reactive performance is shown in the figure. The load
1 and load 2 reactive power is zero hence the loads are
resistive loads.
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Figure 7: a) Case study-1:Load voltages (b) Case

study 1:Load-1 voltages
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Figure 8: (c)Case study-2:Load voltages(d) Case

study-2:Load-2 voltages
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Figure 9: (a) Case study-3:Load voltages (b) Case

study-3:Load-3 voltages
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Figure 10: Load true power for loading-1,2,3 and 4
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Figure 11: load reactive power for load-1,2,3 and 4

6.3 Variation in reactive power of STAT-
COM

In case one and case-2 STATCOM is not integrated
with the system. The reactive power exchange is
shown in the figure. Initially the reactive power sup-
port is more due to insufficient sharing power from
wind generation. It maintain the necessary active
power flow. At T=4 sec to 12sec the change in the in-
ductive load require the necessary reactive power and
it is it is supported with STATCOM as shown in the
figure.

6.4 Variation in Grid and Reactive Active
power

Grid power in isolated case-1 et power delivery is zero
(Pnet, Qnet)=0 Case-2 and 3:Grid integrated mode ac-
tive power and reactive power are shown in the figure.
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Figure 12: Load reactive power for case LI and III

Active and reactive power delivery in the case-2 is less
then the case three. Incase-3 the reactive power sup-
port supported with the STATCOM. The burden on
the grid is reduced.
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Figure 13: Grid active and reactive power for case LII
and III

6.5 Switching of Loads

STATCOM is a reactive power compensating device
and supports the maintain voltage profile. However,
among the both devices for the same rating the STAT-
COM perform the better performance. The intermit-
tent renewable wind firm and the dynamic switching
of load leads to create the voltage instability and reac-
tive power mismatch. This effect can be reduced with
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Figure 14: load switching

the use of STATCOM. The grid integrated wind gen-
eration with STATCOM under dynamic load perfor-
mance is presented, which not yet to be done. Hence,
there is need to perform under dynamic source and
load condition. The dynamic switching of the RL, and
inductive load has been presented in different interval
at t=3 to Ssec and 5 to 9sec respectively.

7 Conclusion

This paper has conferred the power quality revamp-
ment in wind generation interconnected grid arrange-
ment by regulating the voltage and frequency at load
bus .To evaluate the voltage, frequency regulation and
reliability three different case studies was simulated
with four different dynamically varying loads. As-
sessable investigation is also lugged out for transi-
tory responses acquired for each case, which is clearly
showing the effectiveness of STATCOM in regulating
the voltage at load bus. Among all the cases case-
III found to be more effective because the STATCOM
hold the potential to maintain the voltage at the load
bus by regulating reactive power. The added feature
of this system is by compensating reactive power with
the aid of STATCOM the reactive power strain on
wind farm is reduced which indirectly regulating the
grid frequency.
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