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ABSTRACT— The analysis, design, and management of a variable speed wind energy
conversion system (WECS) with a grid-interfaced doubly fed induction generator (DFIG) for
power smoothening with maximum power point tracking (MPPT) capabilities are the topics of
this study. The rotor position computation technique is used by this DFIG. For supplying
regulated electricity to the grid, the grid-side converter's control algorithm is adjusted. To
achieve MPPT and unity power factor functioning at the stator terminals, the rotor-side converter
is regulated. In order to be suitable for modelling all different induction generator configurations,
the entire system has been modelled and simulated in the MATLAB Simulink environment.

I. INTRODUCTION

The output of Earth's fossil fuels, such as coal, gas, and oil, is finite, and it is anticipated that
they will be consumed past their peak in the coming decades. As a result, energy costs might
continue to grow. Future energy demands can be satisfied by increasing the contribution of
renewable energy sources. Because there are no harmful emissions to the environment from
renewable sources, they are climate-friendly [1]. Because to developments in power electronics,
wind energy is one of the least expensive renewable energy options [2]. Because of their
simplicity and low cost, fixed speed wind energy conversion systems (wecss) using squirrel cage
induction machines are frequently used. One can plainly see from the wind turbine
characteristics that for various wind speeds, the machine should run at various rotor speeds to
achieve maximum output. Fixed speed induction generators (FSIG) are less effective since they
operate at the same speed regardless of the wind speed [3]. These fixed speed generators draw a
significant amount of lagging reactive power because the stator is directly connected to the grid.
In order to significantly increase energy output and achieve unity power factor, variable speed
induction generators are now used to run at desired speed using power electronic converters [4].
Due to the reduction in the size of the power converters and the converter losses, the double fed
induction generator (DFIG) is the most popular variable speed WECS architecture [5]-[7]. Due
to its energy yield compared to cost, DFIG with a single-stage gearbox appears to be the most
intriguing option [7]. Both the active and reactive powers of DFIG have been successfully
controlled using vector control techniques [8], [9]. The fluctuation in power produced by the
wind turbine is particularly considerable due to the intermittent nature of wind. When wind
energy penetration in the grid rises, this issue becomes more severe. There have been numerous
attempts to lessen the unstable impact of wind power generation on the grid [10]-[15]. The
fluctuating wind power is smoothed using a variety of methods, including Pref versus m and tip
speed ratio (TSR) control [10]. But because it is not functioning at MPPT in this instance, the
power yield is decreased. By incorporating energy storage into the WECS, this problem can be
solved. For the purpose of enhancing power quality, the performance analysis of various hybrid
energy storage systems connected to wind turbines is examined [11]. For various time scales, the
operational suitability of various energy storage technologies is compared. [12] also looks into
the proper sizing of storage and energy capacity required for a given power rating. Super
capacitors are a type of short-term energy storage device that is used to smooth out fast wind-
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induced power variations [13], [14]. In [15], Li-ion capacitors are suggested as a viable remedy
for power fluctuation filtering at the range of tens of seconds. Integrating a flywheel with a DFIG
allows for the smoothing of power fluctuations and voltage fluctuations. As a result, the
penetration of wind energy in the grid rises. For a time scale of 20 minutes, flywheel storage is
typically preferred, though [10].

The grid interfaced DFIG based WECS is the power smoothing solution proposed in this paper.
The rotor position is estimated using the rotor position computation algorithm (RPCA). The
work's control of the grid side converter is new (GSC). The control algorithm for supplying
regulated electricity to the grid has thus been demonstrated by the authors in a transparent
manner. The second crucial element of DFIG-based WECS for power smoothening is the use of
BESS. By contrasting the traditional and suggested DFIGs, it is possible to see how the powers
change as wind speeds increase. The system's functionality for controlling the power of DFIG
even with changeable wind speed circumstances has been experimentally proven.

11 SYSTEM CONFIGURATION AND CONTROL PRINCIPLE

Fig. 1 depicts the conceptual diagram of the proposed grid-interfaced, DFIG-based WECS. Two
VSCs that are linked back to back share a DC link with BESS. Here, the stator and grid are
joined directly. RSC is managed in a reference frame that is voltage-oriented. Using an
augmented phase locked loop, the d-axis of the synchronously rotating reference frame is aligned
with the voltage axis (EPLL). The position estimate in this case uses the rotor position
computation technique. The GSC is managed such that the grid receives the regulated electricity.
When the amount of electricity generated exceeds the regulated amount, the excess power is
stored in the BESS. The BESS feeds the residual electricity to the grid if the amount of power
generated falls short of the regulated amount. In Fig. 2, the control algorithms are displayed.
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Fig. 1. Proposed system configuration.

1l CONTROL STRATEGY

A. Control Algorithm

In this Section, control methods for sensor-free functioning of DFIG, GSC, and RSC are covered
in depth. Figure 2 displays a conceptual control diagram for the GSC and RSC. The RSC is able
to independently control both active and reactive capabilities. The operational maximum power
point is attained with this RSC control. RSC is managed in a reference frame that is voltage-
oriented. Therefore, the d and q axis rotor reference currents (Idr and Iqr) govern the active and
reactive powers, respectively. The speed error (er) between the reference and estimated rotor
speeds (- r and r) is processed as follows to produce the direct axis rotor reference current (1*dr)
using a proportional integral (P1) speed controller.
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Fig. 2. Control algorithm of the proposed WECS
I3 (n) = Ii.(n — 1) 4 kpd [Wer (1) — Wer(n — 1)]

+ kiq Wer(n)

Where kpd, kid are the proportional and integral gains of speed controller. wer(n) and wer(n — 1)
are the speed errors at nth and (n — 1)th instant. I* dr(n) and I* dr(n — 1) are the direct axis rotor
reference currents at nth and (n — 1)th instant. The rotor speed (wr ) of the DFIG is estimated
using RPCA sensorless algorithm. Reference speed (w-r) is selected for achieving MPPT. In this
algorithm, the reference rotor speed is estimated using TSR control using wind speed. The
reference quadrature axis rotor current (I*qgr) is selected to control the reactive power to zero at
stator terminals. The direct and quadrature axis rotor currents (Idr and Igr) are computed from
sensed rotor currents (ira, irb and irc) as

Dipss = e
Iar = 3 [ira sinOuiip + iy sin (6s1ip — 57)

+ dre sin (Bsnip + “’T_)}

2 - . oo
[qr — [Zra CcOs gslip =+ rh COS (Hslip == _‘5_‘)

3

+ iy oS (Bstip + 27')]
where slip angle (&slip ) is calculated as

oslip = Be — Or.

According to Fig. 3, the voltage angle e is computed using EPLL. The RPCA sensorless
technique is used to determine the rotor position (r). Two current controllers are used to control
the direct and quadrature axis rotor currents (Idr and Iqr) in close proximity to the reference
direct and quadrature axis rotor currents (I*dr and I*qr).

Fig. 3. Enhanced phase locked loop
B. Control of GSC
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The control of GSC is what makes this piece unique. This GSC's control is carried out using a
reference frame that is voltage-oriented. The direct and quadrature grid currents (Idg & Iqg) are
used to regulate the active and reactive powers (P & Q) provided to the grid, respectively. The
reference power (P*) is used to get the direct axis grid current (Idg) as

I* qg is chosen to be zero in order to achieve unity power factor at the ac mains. The detected
grid currents are used to estimate the actual direct and quadrature grid currents (Idg and Iqg). A
Pl controller processes the error (Ideg and lgeg) between the actual direct and quadrature
currents (Idg and Iqg) and the reference currents (I*dg and 1*qg), as indicated as,
Vi.(n) = Vi (n—=1)+ kpav {Taee(n) — Taeg(n — 1))
kidy Taee(m)
V(n)= V. (n— 1)+ kg {Tyee(n) = Tqou(n = 1))
+ kiav Loex ()
Where kpdv, kidv are the proportional and integral gains of direct axis current controller. kpqv,
kiqv are proportional and integral gains of quadrature axis current controller. Ideg (n) and Ideg (n
— 1) are direct axis current errors at nth and (n — 1)th instant. V_dg (n) and V _dg (n — 1) are
the direct axis grid voltages at nth and (n — 1)th instant. Igeg (n) and lgeg (n — 1) are the
quadrature axis grid current errors at nth and (n — D)th instant. V._qg (n) and V _qg (n — 1) are
the quadrature axis grid voltages at nth and (n — 1)th instant. Direct and quadrature axis grid
voltages (V _ dg and V _ qg ) are added with the compensation terms for achieving reference
direct and quadrature axis grid voltages (V*dg and V*qg ). Three phase reference grid voltages
(v*ga, v*gb, v*gc) are calculated from the reference direct and quadrature voltages (V*dg, V* qg
). These reference grid voltages (v*ga, v*gh, v* c¢) are compared with PWM signals and then
these pulses are fed to the GSC.
C. Rotor Position Computation Algorithm
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Fig. 4. Rotor position computation algorithm
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In this algorithm, rotor current (ir ) makes an angle s from the stator co-ordinate system and the
same rotor current (ir ) makes an angle 6r from the rotor co-ordinate system. The angle between
stator and rotor is calculated as (6m)est= (fs —6r). The schematic diagram of sensorless scheme
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is shown in Fig. 4. Rotor currents (ira, irb) are sensed and transformed into two phases using
Clarke’s transformation (ira &irf).

IV. RESULTS AND DISCUSSION

The steady state and dynamic behaviors of regulated power DFIG based WECS is presented in
this section. Simulation results are recorded in terms of line voltage (vab), grid currents (iga,igb
and igc ), stator currents (isa ,isb and isc ), GSC currents (iGSCa,iGSCb and iGSCc), rotor
currents (ira ,irb and irc ), stator power (PS ), grid power (PG), GSC power (PGSC), battery
voltage (Vb ), battery current (Ib ), quadrature axis rotor current (Igr), direct axis rotor current
(Idr), quadrature axis reference rotor current (I*qgr), direct axis reference rotor current (1*dr),
rotor speed (wr), reference rotor speed (w - r ) and wind speed (vw ). The power that is
discharging from the battery through GSC and RSC are considered as positive. Conversely, the
battery charging is taken as negative through both GSC and RSC.

Fig. 5. Steady state performance of the proposed DFIG based WECS at fixed wind speed of 7
m/sec

The simulation results of the suggested DFIG-based WECS are shown in Fig. 5 for a fixed wind
speed of 7 m/s. The reference rotor speed is chosen to be 0.7 p.u. to get the wind turbine to
produce as much electricity as possible. The PG, PS, and PGSC are depicted in Fig. 5. These
findings show that, as a result of the low wind speed, the grid power is maintained at 1.25 kW
and the stator power is 0.86 kW. Therefore, the battery is the source of any residual power, as
seen in Fig.

Fig: 6 Stator Power (PS)
Fig. 6 displays the simulation results of the proposed WECS at a fixed wind speed of 8.5 m/s.
For MPPT operation, a reference rotor speed of 0.86 p.u. is chosen. As shown in Fig. 6, the
power feeding to the grid is maintained at 1.25 kW despite varying wind speeds.
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Fig: 7 GSC Power (PGSC).

However, as seen in Fig. 6, the stator power is 1.41 kW. As seen in Fig. 6, the GSC will charge
the battery using the remaining power.

Fig. 7 displays the simulation results with a fixed wind speed of 9.15 m/s (1500 rpm). According
to MPPT, 1500 rpm is chosen as the reference speed (* r). As seen in Fig. 7, the grid power is
kept at 1.25 kW in this instance as well. Due to the stator's output exceeding the reference power
command and the battery's GSC-enabled charging, as seen in Figure 7,

Fig. 8 illustrates the sensorless algorithm's efficiency at various rotor speeds. Where sin (r), sin
(s), and sin (m) are unit vectors of rotor position angle, unit templates of rotor currents aligned to
stator axis, and unit templates of rotor currents aligned to rotor axis, respectively.

-~ .. - 3 . — -

Fig. 8. Steady state performance of the sensor less algorithm of constant power DFIG

V. CONCLUSION

By adding BESS to the DC connection, it has been discovered that the proposed DFIG-based
WECS is capable of delivering regulated power at all wind speeds. In this DFIG-based WECS,
the BESS design has been detailed in full. For the purpose of supplying the grid with controlled
power, the GSC control algorithm has been updated. The simulation results for both fixed and
variable wind speeds at all conceivable rotor speeds have been used to validate the performance
of the proposed DFIG. Through the use of simulation data, the suggested DFIG's good dynamic
performance has been established. Even at lower wind speeds, this suggested WECS has been
demonstrated to be favourable for delivering electricity. With this suggested DFIG, power
requirements can be met, even temporarily.
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