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ABSTRACT

This study presents the modeling and dynamic
simulation of a high penetration wind diesel power
system (WDPS) consisting of a diesel generator (DG)
and a wind turbine generator (WTG). First the WDPS
architecture and the models of the WDPS components
are described. The WDPS is simulated in wind-only
(WO) mode where the DG is not running and the
WTG supply active power and in wind-diesel (WD)
mode where both DG and WTG supply power. The
simulation results are given showing graphs of the
main electric variables in the WDPS (system
frequency and voltage and active power in each
component). Pitch angle controller is proposed which
enables the wind turbine to regulate its active power
in order to retain the frequency within prescribed
limits.

The pitch angle control enables the WT to smooth the
load and wind power variations, so that the isolated
system power quality is improved. The results show
that the WDPS incorporating pitch angle controller
gives better results in terms of frequency regulation.

KEYWORDS: Frequency regulation;, Wind-diesel;
pitch angle controller; active power

I. INTRODUCTION

A Wind Diesel Hybrid System (WDHS) is any
autonomous electricity generating system using Wind
Turbine  Generators(s) (WTG) with  Diesel
Generator(s) (DG) to obtain a maximum contribution
by the intermittent wind resource to the total power
produced, while providing continuous high quality
electric power [1]. The main aim with these Isolated
Power Systems is to reduce fuel consumption and in
this way, to reduce system operating costs and
environmental impact. If the WDHS is designed so
that the diesels have to run full time, the WDHS is
classified as being low or medium wind penetration
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depending on the Energy Penetration ratio of the wind
power [2], defined as:

Energy penetration =
Wind turbine annual energy output(kwh)

Annual primary energy demand (kwh)

The WDHS is classified as low penetration when the
penetration is less than 20% and as medium
penetration when it is between 20% and 50%.
Conversely if the WDHS is capable of shutting down
the Diesel Generators during periods of high wind
availability, the WDHS is classified as being high
wind penetration. Fig. 1 shows the medium
penetration wind turbine system studied in this paper
where the components stated in the definition of the
WDHS can be seen: the DG, the WTG and the
consumer load.
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Fig.1. Layout of the isolated medium penetration
wind turbine system with pitch angle controller.

Several papers have been published on the subject of
WDHS dynamic simulation. In [3] a no-storage
WHDS is simulated against several perturbations,
among them the connection of a WTG to the DG
isolated grid. In [4], the modelled WDHS includes a
variable speed flywheel energy storage based on
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hydrostatic transmission. In [5], the simulated high
penetration WDHS has a DG with a clutch which
allows disengaging the Diesel Engine (DE) from the
synchronous machine (SM) when the generated wind
power exceeds the consumed load power. This paper
focuses on the dynamic simulation of a medium
penetration WDHS and the dynamic improvement
that produces to include a BESS in the system. After
this introductory Section I, this article is organized as
follows: Section II presents the control system that
has been used, Section III shows the modelling of the
WDHS components, Section IV presents the WDHS
response against different perturbations like variations
in wind speed and variations in load, those produces
fluctuations in frequency and finally Section V
emphasizes the effectiveness of using the pitch-angle
control.

I1. PITCH ANGLE CONTROL

When a generator reaches rated power, the turbines
must limit the mechanical output power feeding to the
generator. This is required because the generator
reaches the rated power at for instance 12 m/s while
the maximum speed is around 25 m/s for a wind
turbine. The pitch angle is controlled to keep the
generator power at rated power by reducing the angle
of the blades. By regulating, the angle to be on the off
stalling, fast torque changes from the wind will be
reutilized.

The output power P,, developed by wind turbine with
blade radius ‘r’ can be expressed as under:

1
Fo = EpTTT‘ZCpOL, BV (1)

where, mr? is the rotor swept area, Cp, is the power co-
efficient, A is the tip speed ratio, B is the pitch angle
while Vy, being the wind speed. The tip speed ratio A
can be described as:

== @

Pitch angle control is the most common means to
control the aerodynamic power generated by the wind
turbine rotor. Pitch angle control also has an effect on
the aerodynamic loads which may be controlled by
the controller to achieve lower torque peak as well as
lower fatigue loads. The variation of CP with the pitch
angle B for various values of the tip speed ratio Y.
Thus, by varying the pitch angle, the power
coefficient can be changed and the power captured by
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the turbine can be controlled. If the Cp-y performance
characteristic is available, the turbine parameters can
also be modeled from data fields containing the group
of curves derived from measurement or from
calculation or analytical function. The groups of
power coefficient and tip speed ratio curves obtained
by measurement or by computation can also be
approximated in closed form by non-linear functions.

The block diagram of the pitch angle controller is

shown inFig. 2. Subtracting output speed
command Wr from output power W, gives output
power  error e that evaluates  pitch angle

command B via pitch angle control system. Output
speed w; is smoothed by hydraulic servo system that
is driving blade and frequency fluctuations are
dependent on speed of synchronous generator so
frequency deviations get reduced.
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Fig.3. Calculation of pitch angle 8

Normal blade pitch angle adjustments, within the
range of 0 to 45 degrees under normal operating
conditions, are carried out usually with rotational
speeds of about 5-10°s .

III. Modelling of Different components WDHPS

The wind-diesel hybrid power system, under study in
this work, is shown in fig. 3, where, a 300 KVA
synchronous generator coupled with a diesel engine
and a wind turbine driven 275 KVA induction
generators are connected in parallel to feed power to
the fixed load of 175 KW and three section of variable
load of each 125 KW. The loads used here are purely
resistive type. The diesel engine driven synchronous
generator is incorporated with voltage regulator which
maintains the system voltage within limits. As the
induction generator cannot generate reactive power, a
capacitor bank of 25 KVAR is used to provide
reactive power.
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Wind turbine output power is controlled by pitch-
angle controller. Whenever the wind speed increases
beyond the limit of wind turbine pitch angle controller
comes in to the action. When the wind speed is less

than the normal speed then pitch angle is maintain to

the lowest possible angle so that maximum power can
be extracted from the wind.
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Fig. 3. Schematic layout of wind diesel hybrid power system.

The MATLAB/Simulink model of the proposed system is implemented and shown in the fig. 4 for the
validation of pitch angle controller.

The ratings of the different components of the HWDPS are given in the appendix-A.
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Fig. 4. MATLAB/Simulink model of the proposed system.
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With wind speed variations, the output power of the
wind generator also varies and in that event the diesel
generator supplies smooth power to the load to
maintain frequency constant.

The current speed, in per unit, of the diesel engine
acts as input and the mechanical torque, in per unit, is
the output to regulate the diesel engine so that it
attains its reference value. The diesel engine is
modeled and simulated with the help of a gain relating
fuelling rate to torque, restricting the lower and upper
torque limits to 0 and 1.1 per unit respectively, and a
dead time. A second order system is used to realize
the actuator whereas; the speed regulator is realized
with PID control.

The pitch angle control scheme regulates the wind
turbine output power to its rated value by positioning
the blades of the wind turbine by adjusting the pitch
angle during strong windy conditions. The error signal
input to the PI pitch angle controller is derived as the
difference between generator rotor speed (w,) and the
reference value. The output of the pitch angle
controller is the reference pitch angle, Brer. It helps
reduce the operating efficiency of the turbine so as to
minimize power coefficient so that the generator is
able to maintain its control speed value.Pitch servos
are utilized for appropriate positioning of the blades,
and a first order delay system is used to model the
same. Because the pitch actuation system cannot
respond instantly, therefore, introduction of servo
delay of 0.024 s became necessary. The actuation
speed is yet another parameter which restricts the
working of the pitch actuation system, for which a
rate limiter of £2°/s is introduced to model the pitch
angle control system more realistically.

IV. Results and discussion

The HWDPS is not connected to the grid, so the
system has to overcome the power imbalance itself
due to intermittent wind speed and variable load. The
system is subjected to both types of perturbances i.e.
variable wind speed and variable load. The base wind
speed is taken as 12 m/sec. When the wind speed
exceeds this value pitch angle controller comes in to
action. Various simulation runs were carried out on
the wind-diesel hybrid power system under the effect
of multiple step changes in wind speed and the system
performance is evaluated with and without pitch angle
controller. However, in a real system, the speed
variations are not sharp like step changes but are
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smoother than a step variation. The base wind speed is
taken as 12 m/sec. and the wind speed is initially set
at 12 m/sec. After t = 10 sec, the wind speed is
changed to 14 m/sec, then it is again reduced to 12
m/sec at t = 20 sec. Fig. 5 shows the wind speed
variation pattern as used for simulation. The
variations in the load are also shown in fig.6. As the
wind speed varies there is change in the output power
of the wind turbine driven IG. More the wind speed
more will be the power output of the wind turbine.
This can be depicted in fig. 7. As the wind speed
increases the wind turbine driven IG power also
increases and to balance the load and supply, the
diesel engine driven SG reduces its output power, this
will also reduce the operating cost of the system. The
waveform of diesel engine driven SG is shown in fig.
8.

In this study, the load is also varied to check the pitch
angle controller effect. As the load increases the total
load is supplied by the IG and SG, this cause the
increase in SG output power, as the IG is running at
its full limit.

The frequency variations with and without pitch angle
controller is shown in fig. 9. Form the fig, 9 it can be
clearly seen that when pitch angle controller comes in
to the action, the frequency variations are less as
compared to the system when no pitch angle
controller is used.
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Fig.6. Load variations (KW).

324



International Journal of Trend in Scientific Research and Development, Volume 1(4), ISSN: 2456-6470
www.ijtsrd.com

kVA

Wind Turbine Generator (WTG)

WTG rated power, PT-NOM = 275kW

WTG Inertia constant, HWTG =2s

Fig.7. Active power generated by WTG

Fig.8. Active power generated by diesel generator.
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Fig.9. Frequency variations with and without pitch
angle controller.

V. Conclusions

The main focus of this paper is given to the control
the frequency variations when the WDHS is subjected
with perturbances like variable wind speed and
variable load. The PI controller based pitch angle
controller is designed and implemented to reduce the
frequency variations. With the application of pitch
angle controller the frequency variations are reduced
and system performance increases. The operating cost
is also reduced as the diesel engine driven SG shre of
power production is reduced.

The system performance can further be increased by
using artificial intelligence use for tuning the
parameters of PI regulator of pitch angle controller.
The simulations are implemented in
MATLAB/Simulink.

Appendix-A

Isolated Power System

Rated frequency, f NOM =60Hz

Rated voltage (rms, phase to phase) = 480V

Diesel Generator (DG)

DG inertia constant, HDG =1.75 s

Synchronous machine rated power, PSM-NOM = 300
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