Y

JET Volume: 08 Issue: 01 | Jan 2021

www.irjet.net

International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

p-ISSN: 2395-0072

Performance Analysis of Control Strategies in Wind- Diesel System

Hitesh Joshi?, A. K. Swami?

1Ph.D. Scholar, Department of Electrical Engineering, G.B.P.U.A&T, Pantnagar, Uttarakhand
2Professor, Department of Electrical Engineering, G.B.P.U.A&T, Pantnagar, Uttarakhand

Abstract - This paper presents the performance analysis
of various control strategies developed for the wind energy
conversion system (WECS) with permanent magnet
synchronous generator (PMSG) and a diesel engine driven
generator (DG) set of a standalone hybrid system with a
battery energy storage system (BESS). At the point of
common coupling (PCC) the voltage is controlled using the
synchronous reference frame (SRF) and enhanced phase
locked loop (EPLL) theory for the switching of voltage
source converter (VSC) of BESS and the maximum power
point tracking (MPPT) is achieved for WECS with a
perturb and observe (P&0) technique for the switching of
a dc-dc boost converter. Simulation results of developed
model of proposed standalone hybrid system, which is
developed in MATLAB demonstrate performance of both
the controllers and power quality improvement of the
hybrid system.

Key Words: WECS, PMSG, DG, BESS, SRF, DSOGI, EPLL,
P&O.

1. INTRODUCTION

Throughout the long term, in spite of the best
endeavours of industry architects and electric utilities,
there have been a considerable level of distantly found
consumers living without electricity even to illuminate
their lamps. The public authority organizations and
public utilities are confronting on several issues because
of which the circumstance isn't improving. Quite
possibly the main imperatives being the locally
accessible expensive fuel assets utilized in supplying of
power. To challenge this problem, the harnessing of
wind energy for low cost electric power generation could
be a prominent and quite promising option, as such, the
power from the wind is accessible plentifully all over the
earth’s surface and also the fast advancement of
innovation in this field has inspired to generate large
amount of energy from wind to deliver electrical power
feasibly in these remote regions.

The standalone systems along with the battery
storage are used when there is excess power generation
as well as these systems provide balancing of loads
during low generation or peak load demand. Therefore,
BESSS design and size calculation are important for
isolated loading conditions as reported in [1-2].
Microgrid applications incorporating optimum charging
and reliable operation with battery charging control is
also reported in [3-4]. Hybrid combinations of wind
energy conversion system and DG set are one of such,
where the wind power is stored in battery and the excess

power is utilized to supply the load, while DG set
provides AC power to the load [5-6]. This configuration
helps to reduce the fuel consumption and economically
utilizes the conventional energy resources.

In this paper diesel engine with synchronous
generator is reported, which is better due to magnet-less
rotor, no cogging torque, no rotor copper losses and
lower noise than other brushless generators [7-8]. DG is
connected to the PMSG based WECS through VSC with
BESS at DC bus. Performance of the VSC as a controller
depends on the method for extracting the reference
signals to compensate harmonics, regulate the PCC
voltage and reactive power requirement of the load [9].
Already several indirect control techniques have been
designed for the controller like Power balance theory, PQ
theory, SRF theory etc. to estimate reference supply
current through computation of positive sequence
fundamental current component of load current [10-11].
Here comparison of two control techniques viz. SRF and
EPLL is used in controller to meet out all necessary
requirement of control. WECS generated AC power is
converted into DC power using diode bridge rectifier,
followed by DC-DC boost converter than fed to the BESS.
BESS provides load leveling during load fluctuations and
wind variations. Gate pulse for boost converter is given
through MPPT using P&0 method [12]. Fig - 1 shows the
diagram of the proposed wind-diesel hybrid system.

2. MODELING OF WIND ENERGY GENERATION
SYSTEM

2.1 Modeling the Wind Turbine System

The actual modeling of the wind turbine based
on the aerodynamic non-linear power characteristics is
denoted as Py,

And is basically written in the equation form [13,14] as:

Pm= 0.5pAv3C, (A, B) (1)
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Fig - 1: A diagram of wind-diesel hybrid system

where A, represents the swept area (in metres) of rotor
of the turbine blades and, p is defined as the density of
air (in kg/m?2), v is the wind velocity (in m/sec), C,
denotes the coefficient of performance, § denotes the
angular position of the pitch of the blades and A is
described with a ratio between the tip of the rotor blade
divided by the velocity of the wind, which is typically
represented as the tip speed ratio (A) of the turbine, as
such given by:

®m*R
==
The coefficient of performance of the wind
turbine blades reflects the relationship among the tip-
speed ratio, A [15] and the power coefficient, C, of the
wind turbine system and is depicted in Fig.2.The
mathematical relation involving C,is given by:

116

Cp (A, B) = [0.22 (52— 048 — 5) exp(

2.5

=) (3)

where A is given as :

1 0.035 171
A= [()\+0.089) @+ (4)

When the value of the pitch blade is B =02 then
the value of tip speed ratio is simultaneously taken as, A
=7.511, then under these conditions C, has its maximum
value which occurs at Cpmax = 0.4526 (Fig - 2). So this is
the value of C, at which the maximum energy from wind
is being captured and through this we can easily get the
optimal point of operation of Agp:

The aerodynamic or mechanical torque Tm(N-m)
can therefore be expressed in terms of the ratio of power
as captured directly from the wind system Pn(in watts)
with the speed of a rotor of wind turbine, denoted as
wm(rad/s), hence this ratio could be expressed as:

_Pm
Tw=12(5)

0.5

Cpmax=0.4526
" |Lamda=7.511

Coefficient of Performance (Cp)

Fig - 2: C,vs A curve

2.2 Model of Permanent Magnet Synchronous
Generator

The model which is mainly used to define the dynamic
behaviour of the PMSG in reference d-q frame could then
be demonstrated [16-17,18] considering the equations
below:

Vs = - Rsigs + % Pds - WPqs (6)

Vs = -Rslgs + % Pgs— 0Pas (7)

The equations involving the flux linkage are described
as:

Pds = 'Lds*ids + ©f (8)

@qgs = Lgs+igs (9)

The equation that derives the synchronous generator
mechanically can be evaluated as:

J£ (Q) = T - Te - B*Q.(10)

for the above equation, the electromagnetic torque been
represented in d-q reference frame as:

Te = P (pas+igs - Pqgs+ias) (11)
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in which :

Q=2-6,0=-0.=pQ, 6= po (12)

where R; denotes the resistance in the stator, Lgs and Lgs
are the direct-axis and quadrature-axis inductances in
the stator, 4s and pqsare the direct-axis and quadrature-
axis fluxes, respectively. @ris the flux in the field circuit,
Tw is the torque available from the wind and been
applied to the PMSG rotor shaft, T. is used to represent
the electromagnetically induced torque, p is used to
express the no. of poles in pairs, B is the co-efficient of
damping, ] is the inertia constant (kg/m?), w represents
the generator angular rotor speed expressed in electrical
degrees, (1 is the angular speed in mechanical radians, 6
is the position of mechanical rotor, and 6. is the position
of the electrical rotor.

3. CONTROL METHODS

In this system two controllers are used for VSC
and MPPT controller of boost converter for variable
speed WECS.

Both the two PLL based algorithms used in the paper
extract the fundamental components of the load current
to evaluate the reference supply currents.

Terminal voltage V: is calculated using phase
voltages as,

Ve = |%/3 (0 + vl +v%) (13)
where vg,, Vs, and vsc are phase voltages.
The in-phase unit templates are expressed as,
Upa = v;_:'upb = v;_tb'upc = VTS: (14)

The Quadrature unit templates are estimated as,

u — U b
Ugo = % (15)
3upa+upb—u c
Ugp = Tp (16)
_?’upa+upb—u c
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Fig - 3: The control strategy based on PLL

Expressions for active and reactive power component of
the 3-¢ load currents are as,

_ IipatiLpp+iLpc

I, = et e (1g)
_ IrgatiLgptiLge

Iy = "atlartibac (g)

The fundamental reference active and reactive power
components of the 3-¢ input currents are calculated as,

lspa = Lsp X Upq » lspp = Lsp X Upp , ispe = Lsp X Upe (20)

lsqa = Lsqg X Uga » isqp = Isq X Ugp » isqc = Isq X Uge (21)
The 3-¢ reference input currents are given as,

lsq = i;pa + i;qa ’ i;b = i;pb + i;qb yige = i;pc + i;qc (22)

3-¢ reference input currents (igy, i5},, isc) and measured
input currents (isq is, Isc ) are compared to generate
current error signal u(t) for every phase. VSC is switched
using hysteresis control as,

If u(t) > upper limit of hysteresis band; lower switch on.
If u(t) < lower limit of hysteresis band; upper switch on.

4. MPPT ALGORITHM

Duty cycle is calculated directly according to the MPPT
value and used to regulate the output of boost converter
to keep the DC link voltage 700V. The flowchart for P&O
method is shown in fig 3. Duty cycle is reduced if the
functional point is towards left hand side and it is
increased for right hand side of Maximum power point.
With the variation in duty cycle the boost converter
keeps the output voltage constant across the DC bus.
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Fig - 4: Flowchart of P&0 MPPT

5. Selection of BESS and Boost Converter

The selection of battery system voltage depends on
synchronous generator line to line voltage of the DG. The
DC bus voltage is computed as,

22
Vac = ﬁVL (23)

The V4. from this equation is obtained as 700 V.
Therefore, the battery bank is selected 760V. Thevenin’s
model is used to describe BESS, where (Cp,) capacitance
and resistance (Rp) connected parallel along with series
connected internal resistance (Rs) and an ideal voltage
source of voltage 700 V. Equivalent capacitance Cy is
calculated as [19] as,

__ (kW.hx3600+%1000)

B 0-5(Vozc max_V02c min)

Cp (24)

where Voemin and Voemax are the open circuit voltages with
minimum and maximum values under fully discharged
and fully charged states of battery system.

The output voltage of boost converter is calculated as,

V,. = 4 25
dc_m( )

To limit the peak to peak current ripple (Al.) an inductor
(L) with given switching frequency is calculated as,

_ Vbc
T (axfoxAIL) (26)

6. SIMULATION RESULTS
In Fig.7, the performance of MPPT controller under

increase in wind speed from 8 m/s to 12 m/s at 2.5 kW,
3-phase linear load is depicted. Till 0.2s, the wind speed

is 8 m/s and there is a rated power generation through
PMSG. At 0.2s, there is an increment in wind speed and
also in WECS power generation. WECS PMSG shaft speed
increases with increase in wind speed to achieve MPPT.
It is noticed that wind power is increased as the wind
speed accelerates to 12 m/s. Regulated PCC voltage and
sinusoidal supply current at DG terminals (vsa and isa)
justify satisfactory working of VFC.

Pechange e

o
Desly Diczlyt Digh? _;

Fig - 5: Simulation model of wind system

At 0.2s, increase in wind speed is 12 m/s therefore WECS
power generation also increases according to maximum
power capture scheme of boost converter using P&0 and
terminal voltage, supply voltage and supply currents are
made balanced and constant by VFC.
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Fig - 6: Simulation model of P&0 MPPT
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Fig - 8: Line voltage, line current, rms voltage and
current, power and rotor speed

Fig - 10: MPPT voltage, current and power
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Fig - 15: FFT analysis of source current with SRF
technique
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Fig - 16: FFT analysis of source voltage with SRF
technique

1000

08 0.81 0.62 0.83 0.84 0.85
Time (s)

“FT analysis

Fundamental (50Hz) =332.1, THD= 2.26%
T T T T

01
005 ‘
ol Han I-II Liclansnal

600 700 800 900

Mag (% of Fundamental)
o
o

0 100 200 300 400 500
Freauency (Hz)

Fig - 17: FFT analysis of source voltage with EPLL
technique
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Fig - 18: FFT analysis of source current with EPLL
technique
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The total harmonic distortion (THD) of source voltage
and current is less than 3% (fig - 17, 18) with the EPLL
technique whereas the THD with SRF technique is
greater than 5% (fig - 15, 16).

7. CONCLUSION

An isolated wind-diesel hybrid system has been
implemented in MATLAB Simulink. A mechanical sensor
less approach has been used for achieving MPPT through
perturb and observe technique. The PMSG configuration
provided for the wind energy system is simple and
robust and the ac power is converted to the dc using the
boost converter. VFC provided the load balancing,
reactive power compensation, and harmonics
elimination and voltage regulation at PCC under
nonlinear loads operation using both SRF and EPLL
techniques. The comparative analysis shows that the
EPLL technique is better in compensating the harmonics
as compared to the SRF method.
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