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ABSTRACT

PID controller based pitch angle controller for the frequency regulation and
active power control in a wind turbine and diesel engine powered hybrid
power system, is presented in this paper. For testing the prosed controller,
variable wind speed pattern is used for realization of real time wind behavior.
Furthermore, the variable load is also connected to the hybrid power system
to test the efficacy of the prosed controller. The system is modelled and
simulated in MATLAB environment and results obtained are compared with
and without pitch angle controller. The frequency deviations in PID based

pitch angle controller is less than the without controller.
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L INTRODUCTION

As the power demands in all over the world is increasing
exponentially, and increasing environmental pollution dueto
the fossil fuel burning, led to the attention tilt towards
renewable energy resources based electricity generation.
Wind and solar power generation are major participants in
RERs based power generation. But, increase in RERs in to
power system, as these are unpredictable in nature, cause
more variations in power and frequency [1].

Therefore, operators of the additional power system review
the operating conditions and standards provided by the grid
companies and RER based system has to follow those grid
codes. [2]. The addition of wind energy into the power system
means that wind turbines use conventional power plants that
control and strengthen the power system. If the power output
of the wind exceeds a certain level, the wind engineers should
take care of these problems by designing new control
schemes [3]. This is a well-known fact that integration of
wind energy conversion system to the grid cause imbalance
to the overall system [4]. A stable power system is also very
important for wind energy conversion systems, as if there is
any difference between the frequency, and the system can get
out from synchronism [5]. Short-term temporary fault is the
most common disruption. Such a temporary error leads to a
sub-synchronous system partition that mustbe drawn before
the system becomes unstable. Usually these type of
oscillations are reduced by conventional power plants with
compatible generating systems, which are installed by an

6470, Volume-4 |
Issue-6, October 2020, pp.70-77, URL:
www.ijtsrd.com/papers/ijtsrd33303.pdf

Copyright © 2020 by author(s) and
International Journal of Trend in Scientific
Research and Development Journal. This
is an Open Access article distributed

under the terms of
the Creative |® @ |
Commons Attribution

License (cc BY 4.0)
(http://creativecommons.org/licenses /by
/4.0)

electric power system. Power system consolidation by
synchronization generators is an established technology,
used worldwide [6]. If air traffic controllers are to take over
power operations they must have effective ways of
controlling their power output. A typical type of turbine is a
type of high-speed wind energy conversion system, where
the output of the wind energy conversion system can be
controlled by controlling the pitch angle of the blades of the
wind turbines. If a stalling-like turbine can reduce its power,
it places its angles at the point where the airflow around the
stain converges when caused by spots and becomes
turbulent, e.g. Power-efficient turbines have direct squirrel
cage generators connected and the active power demand for
this type of generator is usually compensated by capacitor
banks. Interpretation of the functional concept of stall bona
[8]. The operating system for turbines operating has been
previously tested and implemented in various energy use
scenarios [9]. In this article, a controller is developed that
allows the turbine to operate its pump system to make the
system robust to the same power plants as conventional
power plants. In order to understand the frequency of grid
frequency oscillations must be true, a reasonable grid model
is required. One approach is to consider the model of the
energy system, which can be physically present[10]. One way
is to use an actual program model. For this project, the
proposed method was chosen to verify the validity of the
findings.
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Wind-diesel engine model adopted in this paper is an
integrated model. Introducing the problem that should be
addressed with a brief introduction of event of a power
outage and general idea of the strengthening of the power
system is given at the beginning of this article. The transfer
function of the wind turbine is obtained from the step
response of the turbine. For this, a PID control for the normal
grid reinforcement was created, using the locus method. The
operation of wind turbine with the proposed controller is
evaluated by the models and the results are presented.

IL POWER  SYSTEM

STABILISATION
The frequency in the AC power system is stable when the
demand for electricity and the electricity loss equals the
generation of electricity in the system. The imbalance
between generation and demand leads to grid frequency
when generation exceeds demand, and a decrease in grid
frequency when demand exceeds generation. The grid
frequency gets a new equilibrium when there is a load that
takes enough frequency from the system, or when the
generators are installed by the converters that convert the
prime mover power so that the producers pull the frequency
back to the rated value. The governor controller, which
control the mechanical power supplied by the diesel engine
to regulate the frequency at different operating conditions. If
the change in generation and demand occurs gradually, the
frequency will gradually deviate. When a change occurs, it
usually receive temporary oscillations before it can reach its
new equilibrium. An unusual short-term error can be
considered as a step change, as the shorter cycle now
performs the loading step. If a fault happens nearby the
generator, the electrical power of the generator stations will
be reduced so that the generator can no longer supply
running power, which is why changes occur over generations.
In any case, the short cycle proposes a balance between load
and generation by step change. If, as described above, the
associated generator (SG) cannot send electrical power
during a short-term fault it must collect the power of the
machine, when the main conductor drives the generator. A
rotating machine can only accumulate energy faster. The
generator is therefore accelerated during the fault, and, after
the faulthas been removed, tries to extract as much electrical
energy as possible to hold it back. Because of this, the rotor
speed of the oscillates generates. In AC interconnected
network error the fault in one location and the faster speed
sequence of SGs in this area resulted in a change of power
(local overlap) between different locations throughout the
system. Since the rotor in the SG rotates perpendicular to the
stator field, the rotor speed is the same as the electric current.
Therefore, the rotor speed oscillations are grid oscillations,
which mustbe minimized before the entire system is inactive.
In a conventional power plant, SGs equipped with electric
power reduce this inefficiency. If future wind farms replace
some of the conventional power plants, these wind farms
should play a role in reducing grid frequency and spatial
distribution. As described above, the frequency oscillations
are caused by an imbalance between the energy produced
and the energy consumed. Therefore, the regular grid
oscillations (and the interarea oscillations) can be solved by a
controlled voltage injection into the grid. Since the type of
wind turbine considered here is a turbine-powered, squirrel-
cage induction generator, the only way to control its output
poweris a propulsion system that controls the aerodynamic,
drive generator.

OSCILLATIONS AND

IIL DESCRIPTION OF THE PROPOSED SYSTEM

In this paper a hybrid power system consisting of wind
energy conversion system, assisted by diesel engine
generator and the pitch angle controller for the purpose of
regulating the frequency of the wind generator are presented.
The basic block diagram of the proposed system is shown in
the figure 1.
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Fig.1 - Hybrid power system diagram

The average electric power is 480 Vrms. Since everything is
connected to the same amount of voltage, they do not need to
be changed the voltage level by transformers.

3.1. Diesel generator (DG)

The synchronous generatorcalls fortwoinputs to
generate energy: the mechanical inputpower and the
sector voltage. Mechanical electricity is injected into the
generator from the diesel engine with a seize.

Field winding is energized viathe excitation system.
The energy output of the DG is controlled by means
of variants: the engine speed reference and the take hold
of condition. The speed reference is used by the diesel engine
controller to measure the desired mechanical output. In
addition, the grab controls the combination of the diesel
engine and the synchronization machine. Engine governor
and diesel engine modelare describedin the following
section.

3.1.1. Diesel Engine

The diesel engine presents mechanical powerto the
synchronous machine. Its version is splitin 3 parts: engine,
actuator and electronic control container. The electronic
manipulate field and actuator represent the engine's speed
governor. When operated inisochronous mode, the engine's
governor regulates the gasoline consumption in line with the
engine's pace; thus keeping the DG pace and device's nominal
frequency. Hence, while in isochronous mode, the engine's
governor offers frequency regulation.

The diesel engine mathematical model is primarily based on
the workin [11]. This model has been extensively use in
previous electricity device studies [6]-[11]. The mathematical
version is formed by means of separate high order transfer
features for the engine, actuator and electronic box, as
depicted in Fig. 2.
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Fig. 2 - Mathematical model of the diesel engine and
governor

Forincluding the delay time due to engine mechanics, the use
of time delays has been implemented. The engine block can
be incorporated from MATLAB Simulink library.

3.1.2. Excitation system

To generate power, the synchronization machine needs a
current field. This system is in charge of providing at field
current. When operating with automatic control, the system
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controls the machine and power of the system [9]. When the
synchronous generator with the diesel engine is
disconnected, the synchronous generator acts as a
synchronous condenser [12].

Although the voltage regulation is beyond the scope of the
present study, the electrical power of the system must be
controlled for it to function properly. In the study below,
voltage regulation given by the DG system is quoted. The
mathematical model of the excitation system is based on the
IEEE Recommended Practice [11]. The arousal program
represented by the first order transfer function in Eq as
follows:

Vf= 1

Ef  k+sTx 1)

The excitation system model is depicted in Fig. 3.
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Fig.3- Simulink built in model for the excitation system type DC1A

As the synchronous machine model required here to be in direct and quadrature axis frame so, a d-q transform is introduced.

3.1.3. Synchronous machine

A special synchronous generator was chosen. The synchronization switch is rated at 480 V and 300 kVA. The mathematical
model is divided into electrical and mechanical components and is based on [10].

Fig. 4- Wye connected stator winding model

Vqs= Rsiqs+ d}\qs + W}\ds (2)
dt
Vds= RSids+ d}\qs + W}\ds (3)
dt
0=R'ri'qr + d)\'qr + (W-me\'dr (4)
dt
0=R'ri'qr +dMN'dr + (W'me\'qr (5)
dt
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)\qs = Lsiqs + Lmi'qr (6)
7\qs = Lsids + Lmi'dr (7)
)\'qr = L’ri’qr + Lmiqs 8
)\'dr = L’ri,dr + Lmlds (9)
Where:

Ls=Lls + Lm

L'r=L’Ir + Lm

Where:

vdgs, vdqr are the stator and rotor voltages in the d-q frame
idgs, idgr are the stator and rotor currents in the d-q frame
Adgs, Adgr are the stator and rotor fluxes in the d-q frame
Rs, Rr are the stator and rotor resistances

Lls, LlIr are the stator and rotor leakage inductances

Lm is the magnetizing inductance

w is the arbitrary reference frame

3.2. Wind Generator (WG)
The wind turbi provide power to the induction generator which is rated as 275 kW and rms voltage of 480 volts.

3.2.1. Wind Turbine

Wind power generation is divided into two units that generate wind energy i.e. fixed speed generation and variable (VSG) [34].
Fixed speed generators operate at constant rotor speed to obtain maximum power. Deviation from a predetermined speed
causes a reduction in efficiency. The VSG at various rates of active rotor speed to keep up with the constant wind of high
efficiency. The VSG has a large tracking capacity that emits the available energy from the air at different speeds of air thus leading
to better performance. And VSG reduces mechanical pressure on the turbine thereby increasing the turbine time. The VSGs are
therefore highly portable. The power of turbine dynamics has been studied extensively. In both forms of generating energy the
principle of emission remains the same. The amount of energy produced by the turbine can be related to the torque produced by
the wind. The model base equation represents the mechanical force, Pmech, which is bounded by the wind, Eq. 10

Pa=1 pmr? Cp (AB) V3w (10)
2

A=RQ (11)
Vw

Here Pa is the wind power converted in to electrical power, Tir? is the rotor swept area, Cp is the power co-efficient, A is the tip
speed ratio, 8 is the pitch angle and Vw is the wind speed. The tip speed ratio is defined as the ratio between the blade tip speed
and the wind speed Vw

Where Q is the turbine rotor speed and R is the radius of the wind turbine blade.

V. SIMULATION RESULTS AND DISCUSSION

In this paper a generic model of the High-Penetration, with and without storage, and micro-grid system is presented. The
optimal wind penetration (installed wind capacity/peak electrical demand) for this system depends on the site delivery cost of
fuel and available wind resource.

When the wind speed is not very high, in that case both the wind energy conversion system and the diesel engine driven
synchronous generator provide power to the connected load

In case of wind speed available is high then the diesel engine power is reduced and the whole load is fed by the wind energy
conversion system. If the power generated is more than the load requirement then dump load can be utilized to dump this
power and frequency is retorted by absorbing the wind power exceeding consumer demand. If the power generated by the
wind-diesel system is less than the demand then the diesel engine comes in action and deliver the power to the system to
reduce the mismatch between demand and load and also to enable load frequency control of the microgrid.

The Wind Turbine block uses a 2-D Lookup Table to compute the turbine torque output (Tm) as a function of wind speed
(w_Wind) and turbine speed (w_Turb).
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The DG provides frequency regulation through a speed governor. The speed governor actuates according to the desired speed
reference. Hence, the diesel engine state can be controlled through the governor's reference speed. A controller was designed to
regulate the governor reference speed according to the system's needs. The DE along with its actuator and speed regulator are
included in the Diesel Engine block and their modelling is justified in [13]. This block has the current SM speed (pu) as input
and outputs the mechanical power (pu) to take the DG speed to 1 pu speed reference. The DE has been simulated by means of a
gain, relating fuelling rate to torque, and a dead time, modelling the firing delay between pistons. The DE torque has0/1.1 puas
thelower/upper limits respectively and is multiplied by the SM shaft speed to calculate the DE output mechanical power. The
actuator has been simulated as a second order system and the speed regulator is a PID control. The inertia constant of the DE+
SM set HDG is 1.75 s.

The SM has a rated power (PSM-NOM) of 300 kVA, it receives as input the DE mechanical output power from the DE block and
voltage regulator plus an exciter regulates the voltage in the SM terminals its IEEE type 1 electrical part is represented by a
sixth-order model.

The constant speed stall controlled WTG comprises an Induction Generator (IG) of 275kW (WTG rated power PT-NOM =
275kW) directly connected to the autonomous grid and the Wind Turbine (WT) block. The electrical part of the IG is
represented by a fourth-order model. The WT block contains the Wind Turbine power curves which define the mechanical
power in the WT shaftas a function of the wind speed and the WT shaft speed. The WT mechanical power is divided by the WT
shaft speed to calculate the input torque applied to the IG. This WTG has no pitch control, so there is no way to control the
power it produces. Normally power system stability studies use reduced order models to increase the maximum integration
step size. Apart from faster simulation speed, this results in smothered waveforms when compared to those resulting from full
order models. Power system stability studies are primarily interested in the electromechanical dynamics of large electric
machines.

The frequency is controlled by the Discrete Frequency Regulator block. This controller uses a standard three-phase Phase
Locked Loop (PLL) system to measure the system frequency. The measured frequency is compared to the reference frequency
(60 Hz) to obtain the frequency error. This error is integrated to obtain the phase error. The phase error is then used by a
Proportional-Differential (PD) controller to produce an output signal representing the required secondary load power. This
signalis converted to an 8-bit digital signal controlling switching of the eight three-phase secondary loads. In order to minimize
voltage disturbances, switching is performed at zero crossing of voltage.

4.1. Without Pitch Angle Controller

In this case the microgrid system is run for 8 sec. The system contains variable load, which is varied at time interval 1.5 sec. The
change in load is 175 kW to 350 kW, which causes frequency deviation can be seen from the respective figures. As the load
increases thereis a dip in frequency (1 pu to 0.985 pu). To meet the demand the synchronous generator driven by diesel engine
increases its power, that can be seen in fig. 4.3. The WT also contributes momentarily, but WT is runningat the speed 12 m/s so
it can not increase output power over a longer period and can be overloaded for shorter duration.
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4.2. Simulation with Pitch Angle Controller
In this case of wind-diesel power generator based microgrid system, the microgrid system is connected with pitch angle
controller. The function of this is to reduce the mismatch between supply and demand and improve frequency regulation.

The wind speed is varied 12 m/s to 14 m/s at time t=5 sec like the previous case. The load is also varied as it was varied in the
previous case when there is no use of pitch angle controller. As the load variations and load change is same as the previous
case, so the same waveforms can be used for this case also.

Frequency variations are compared for the both cases and the obvious frequency regulation is found when pitch angle
controller are used (Red shows frequency change with pitch angle controller and black without). Here dump load operates
when the generated power is more than the demand and the dump load controller commanded by the control circuitto connect
the required amount of resistance to be connected to the system.
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Fig.9 Frequency variations with and without pitch angle controller
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Fig.10 Synchronous Generator output power (With and without pitch angle controller)

V. CONCLUSIONS

In this papera wind-diesel based microgrid system is
simulated for the two cases. In first case there is no pitch
angle controller is used. The system is subjected to different
wind speeds and different load and the waveforms of
frequency, synchronous generator power, WT power and the
power across load are shown.

In the second case the microgrid system is employed with
the pitch angle controller. These balancing mechanisms did
their work satisfactorily and help the microgrid system to
restore the frequency in better way when the system is
subjected to wind variations and the load variations.
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