Intrinsic Assessment Optimization Algorithm based Doubly Fed Induction
Generator based Stability Analysis of Multi Machine System

V.Subha Seethalakshmi®, Dr. R. Karthigaivel 2, N.Vengadachalam?, S.Selvakumaran*
L3pssistant Professor, Department of EEE, TRP Engineering College, Trichy, Tamilnadu.
24pssociate Professor, Department of EEE, P.S.N. College of Engineering and Technology, Dindigul, Tamil Nadu.

‘vsubha05@gmail.com

Abstract-Over the past two decades, the rapid
growth of the wind farm, based on the Doubly Field
Induction Generator (DFIG) has been found. A DFIG
based on this proposed work, introduced a power
coordination technique designed for multi machine
Offshore Wind Farm (OWF) and the power stability
was further explored using the Intrinsic Assessment
Optimization  Algorithm  (IAOA). Control and
operation of both Grid Side Converter (GSC) and
Rotor Side Converter (RSC) are analyzed. The RSC
control loop monitors the maximum wind power and
controls flux linkage. The GSC control loop
maintains the stable DC voltage between the RSC
and GSC and the DC connector voltage. The DFIG is
connected in between the rotor terminals and utility
grid via common dc link. The GSC is controlled by
the DC bus and Alternative Current (AC) power
circuits that allow the system to operate in a stable
power supply system. An OWF is driven by the dual-
power induction generator connected to an electrical
network via a High-Voltage Direct Current (HVDC)
link is presented for stability improvement using
IAOA controller. The IAOA controller is used to
provide full control of the offshore wind generation
system. The IAOA controller is to effectively
mitigate the problem of instability occurred in the
offshore wind power generation system which shows
the further impact on the stability of power
generation in both RSC and GSC respectively. The
performance of proposed IAOA strategy is validated
through simulation based on Matlab Simulink
software.

Keywords: Doubly Fed Induction Generator, Wind
Power System, Stability Analysis, Intrinsic
Assessment Optimization Algorithm (IAOA).

1. Introduction

In recent years, power systems have
increased rapidly with a wind power reinforcement
integration. Over the last two decade, the ratio of
installed Wind Turbines (WTs) has increased and
also the WTSs costs has decreased. Recently installed
windmills are variable speed wind turbines using
mostly doubly fed induction generators. Many
countries plan to build a number of large OWFs to

produce a large amount of sustainable and clean
energy to meet their renewable energy goals. The
functional block diagram of the DFIG based wind
farm system is shown in Figure.1.
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Figure.1 Block Diagram of DFIG Based Wind
Farm

With the rapid growth of offshore wind
energy installed capacity, the proportion of energy
produced by OWF to that produced by conventional
power plants has increased. Offshore wind farms with
a capacity of several hundred MW are large enough
to replace conventional power plants. The resulting
power structure stability will be of great importance
for large OWF effects. Furthermore, the well-known
AC transmitting systems of the active operation of
the VSC-HVDC transmission system are different in
phase radiations.

Sometimes a wide variety of wind farms are
integrated into a large-scale interconnected power
system. Based on this situation, every wind farm
systems are described with a corresponding DFIG.
Total wind production can be considered as virtual
wind plant that composes many equivalent DFIGs.
An effective method is to reduce the order as an
equivalent model. However, the equivalent model is
usually calculated on a particular steady state error.
Wind farms move to the unpredictability of the wind
due to the changing and continuing state of the
environment. Thus, the equivalent model is based on
the same model as the stochastic; both structures and
equivalent sample parameters are random.

In this paper, DFIG wind farms introduced
an intrinsic assessment optimization algorithm with
the equivalent sample architecture. The wind farm
was clustered and compiled, and contains three
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equivalent DFIGs of properties that describe various
processes. The structure remained constant under
various scenarios while the equivalent parameters
changed. All historical scenes were coordinated and
investigated. Each and every types of equivalent
DFIG was classified into several groups according to
their dynamic characteristics and was executed by
utilizing representative DFIGs. Representative DFIG
combinations have been made to produce all probable
representative scenarios. Later, the Windmill farm
representative had a simulator of displays and their
Probability Distribution Function (PDF). Finally, the
model was validated by simulations of the test system
and the system depreciation rates under different
scenarios were also studied.

2. Literature review

Several  studies have been  done
demonstrating the ability to optimize wind
configurations of renewable energy systems to
maximize performance while minimizing cost. One
of the most generally utilized stability techniques is
the eigenvalue investigation dependent on state-space
demonstrating. This technique has been connected to
break down the stability of DFIG based wind farm
power framework [1]. Numerous examinations have
been improved unigue exhibitions and transient
stability of power frameworks through differential
geometric and other correct linearization [2]. The
reactive power control in ordinary working
conditions and fault ride through ability amid fault
conditions are both critical [3].

The normal for primary significance is
inactivity. The higher the inactivity, the slower the
rate of progress in rotor speed and stage edge, which
diminishes the kinetic energy picked up amid fault
[4]. The impact of Energy Storage System (ESS) on
the power framework transient stability in a wind
farm with Fixed Speed Induction Generator (FSIG),
and the examination among DFIG and ESS-prepared
FSIG from the flashing stability viewpoint [5]. The
stability is evaluated utilizing potential and kinetic
energies balance at a specific time. Energy work
techniques have likewise considered in sustainable
power source asset based controller structures [6]. At
the point when a generator is an activity at specific
restricts, a generator can expand the reactive creation
power just by decreasing its creation of genuine
power [7].

The most existing work, Sub Synchronous
Resonance (SSR) was examined under deterministic
working conditions, without thinking about the
vulnerability of some essential elements, for example,
the stochastic wind speed [8]. The starting point of
these down to earth motions isn't yet obviously
comprehended. In light of the recurrence secured,

these motions are viewed as random to Wind Turbine
(WT) torsional communications [9]. Wind energy
over the ocean surface can be used to produce vast
electric power while maritime energy, for example,
tidal, wave, marine momentum, and so on can
likewise be adequately caught to deliver broad
electric power sent to the power grid [10]. Its
improvement influences numerous parts of power
framework elements. In prior years the effects of
incorporated DFIG on the electromechanical stability
of common power frameworks have been wholly
researched [11].

The Sub Synchronous Resonance (SSR) is
where the wind farm convert energy with the
dynamic framework to which it is associated, at least
one characteristic frequencies of the electrical or
mechanical piece of the entire power framework [12].
The effect on SSR from wind speed, remuneration
degree, and control increases of the Rotor-Side
Converter (RSC) is inspected [13]. The most well-
known strategy is to sidestep RSC by utilizing the
crowbar circuit, this technique is easy and
straightforward, yet it results in DFIG losing its
controllability and absorbing reactive power from the
grid [14].

The rotor current controllers ought to be
carefully tuned to guarantee closed-circle framework
stability and satisfactory transient reaction inside the
entire operational range [15]. The Voltage Source
Inverter (VSI) gives the required polarizing current
and control activity as a rule on the rotor side, and the
rectifier is accountable for the primary power
exchange by and large through the stator. The idea
was started from the notable air conditioning DFIG
utilized fundamentally in wind energy change
frameworks [16]. A huge finding of the examinations
demonstrates that the respectability of the structure
following a recurrence occasion is conceivably traded
off at immediately high infiltrations of wind [17].

Based on the second order model power
angle of the dynamic characteristics is discussed.
Accepting that the inherent possibilities of the
synchronous generators are consistent, and the
voltage extent variance has little exertion to active
power [18]. At the point when the focal point of
incorporation is to serve the expanding load request,
the DFIG is explicitly included, and when the inside
is on supplanting the old traditional age, the DFIGs
are involved removing existing Synchronous
Generator (SG) mostly or completely [19]. The
capacity of wind turbines to give the recurrence
bolster through the imitated dormancy, and
additionally the possibilities for tuning such an
appropriated reaction asset to guarantee a timely and
compelling recurrence recuperation under various



framework conditions [20]. The symphonious
voltages in the grid will cause harmonically distorted
current output by the DFIG system, which will fall
apart the power quality using Fuzzy logic control
system [21]. A method has been developed in [22] for
the operation analysis of self-excited induction
generators (SEIGs) feeding battery charge loads via
three-phase semi-converters by representing the
battery circuit. In [23] the genetic algorithm
technique has been applied twice in a nested loop for
the design of three phase wind driven by self-excited
asynchronous generators, using standard stator
available and appropriate squirrel cage induction
motor rotor frames. Genetic Algorithm (GA) tuned
Integral and Proportional (IP) controller is proposed
to design of decentralized Load Frequency Controller
for interconnected thermal non-reheat power systems
with AC-DC parallel tie-lines.

3. Materials and methods

The functional block diagram of proposed
Intrinsic ~ Assessment ~ Optimization ~ Algorithm
(IAQA) based Multi machine DFIG system is shown
in Figure 2. The proposed system consists of Grid
Side Converter, Wind Generator and Rotor Side
Converter. Based on the response of this converters
the proposed system is to give active power on
synchronous speed assortment to constant voltage
and frequency. The magnitude and evolution of
active power flows additionally controlled by
utilizing RSC and GSC. The induction generator is
associated with the wind turbine through a
mechanical network comprise of high and low-speed
shafts related with a gearbox.
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Figure.2 Basic Block Diagram of Proposed System

A diagram of the DFIG-based Windmill
power unit, linked to a grid-coupled by a serial
compensator transmission line is shown in Figure 2.
The stator circuit of the DFIG is directly connected to
the Point of Common Coupling (PCC). However,
DFIG wind turbine system is interfaced with AC /
DC / AC back-to-back PWM converter. The rotor
side power electronic converter is used to control
flow of power in both directions independently with
real and reactive power. The machine implements
both the super and the sub-synchronous speeds. The
operation of the RSC will control the DFIG speed
based on rotor current. The function of the GSC is to
regulate the DC link voltage (V,.) by controlling the
real power. It can be used for power factor control by
controlling the reactive power.

3.1. Wind generation model
The equivalent circuit if DFIG is shown in
Figure 3. Depends upon the speed turn the energy of

the wind turbine is changed, the following equation
(2) is used to validate the broadcasting flow of wind

0,50
%.p.T[.PZ U3, 5, <5, (1)
Qn.Sin < U«x

w

Where

d = Air Flow

W = Wind Power

Sin = Evaluated Speed of Wind
S, = Boot Speed of Wind

P = Farthest Point of the rotor

S = Speed of Wind
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Figure 3. DFIG - Phase equivalent circuit

The Equation (2) is used to calculate the output
power based on wind speed

W =
0 S(t) < Scut - Sin or S(t) = Scut - Sin
pr SO Seut=Sin) Seut = Sin < S(time) < Sr

Sr=Scut—Sin

Pr Sr < S(t) < Scur — Sout

@
Where
S = Speed range of wind
Pr = Wind Turbine’s rated power

Scut — Sin» Scur — Sour aNd S, = Rated speed of the
wind turbine

PWT (t) = Nying — PWT(t) is the general
energy provided. The generator is demonstrated as a
balanced voltage source in view of transitory
impedance for balance examination. The active
model of DFIG is appeared as

di WeiR; . . WeW; w
qas __ el elWr t el t
- = - lgs + Weilgs + - -
dat wsLg 95 eltds T 2 ~4s g y2p A4S
Wel v KmrrWel

wsLg 95 wsLs  I7

3
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= —W_l + e —

dt ellqgs oL ds W52Ls ds

Wel t Wel KmrrWel
Tw2L. 2ds = WL Vas Wl (4)
rWs s S Sks

dvt w, wWg — W,
qs . el ¢ s r t
—— =Wy Ryigs — €45 + W, (—) e
dt elft2tds TrWs qs el W ds
= KnyWerVar
dzt — . Wel t Ws—Wy t
d_ts - = Welelds - Tows €as + Wer ( W )eqs +
Kerelvq‘r (5)
Where

dys = Q axis Voltage

dgt = d axis Voltage

iqs = stator current of d-axis
iqs = Stator current g-axis

3.2. Rotor side converter

The RSC can control the DFIG speed and
flux through the control of the rotor flows. This
control is practiced in the dq reference frame to
maintain a strategic distance from time-shifting
inductances in the DFIG model. Alignment of the
axis-d with the rotor flux vector forming an angle of
6, With the axis a and rotating with the control
angular velocity w,,. provides decoupled between the
electromagnetic torque and the supply of rotor flux.
Figure 4 demonstrates the schematic diagram for the
rotor control system. Applying the RSC in the same
reference frame as the DFIG, as is simulated, avoids
the transformation of quantities between different
reference frames and makes the system more
convenient for control.
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Figure 4. Schematic Diagram of RSC

Assigning the speed and rotor flux reference
values, the PI control of reference turbine is used to
generate the rotor current vector.

. Kipr
lrqg —Tef = (Kp(pr + IS(P )e(pr (6)
. Klqo‘r
irg —ref = (quor + T)ewr (M

Where
Kpr and K, = Gain of speed
Kpr and K, = Gain of Flux
e,r = Error Rate of Rotor Speed
ey, = Error Rate of Rotor Flux.

The error value of present PI controller is
calculated based on the difference value of reference
current and rotor current.

_ Kiir
Urg = (Kpir +

~ Jeira

K .
Urg = (Kpir + %)eirq

®)
©)



K, and K;; = Gain Response of Rotor
Current
eirq and e;., = Error Rate of Rotor Current.
The reference voltage is generated and fed to
DFIG’s rotor using control loops of rotor (uyq,Uyq)-
The rotor flux reference frame is used to run the RSC
and DFIG, the output of the current controller has
been straightly connected to rotor with no change.

3.3. Grid side converter
Active power of Grid Side Converter is
controlled by using DC voltage regulation (Vdc),
while the quadrature axis current is used to regulate
the input power factor, which uses the immediate axis
current to accurately control the DC connector
voltage. The higher harmonic content is reduced in
grid using line filter L, ,R, . The mathematical
expression  of wug, and uy,, in terms
of igq, igq » Usar» Usqr @nd wlare used to generate
the d and q axis current in GSC.
tgea = Rolga + Lo triga = @1Lgigg + 1 (o tlsas +
1

2 Usq1 (10)
. d . . 1 V3

Ugeq = Rylgq + Ly 3rlgg — @llgiga + N_2(7u5q1 +

1

Eusdl) (11)

Figure 5 shows the schematic diagram of the
GSC control. This control conspire empowers the
free control of iy, and iy, through igg_pf
andigg—res-

Figure.5. Grid Side Converter
The uzq; and ugqqare feed forward terms,
such are expressed as usq and ug,

Uggr = ustos(Qus - Hq)r) + usdsin(eus - Gq,r)
12)

Ugq1 = —ustin(Hus - HW) + usdcos(ﬁus - BW)
(13)

Since the stator voltage in the reference
frame is zero equivalent to the Q axis part, the

following mathematical expression is defined as the
reference frame angles.

Oys — Oy = arctan(zﬂ (14)
sd
. , d .
ugd = Rglgd + Lg E lgd (15)
' , d .
Ugq = Ryigq + Lg ~ loa (16)

By substituting mathematical equations (14)
to (16) to get the dg axis value of grid side converter
and expressed as equation (17) and (18).

, , 1 |3
Ugeq = Uygq — Wllgigq + E\/;usdl an

=y — i 113
Ugeq = Ulgq wngqu+N22 2usﬂll(18)

3.4. INTRINSIC ASSESSMENT
OPTIMIZATION ALGORITHM

Intrinsic optimization evaluation is a kind of
method that tracks the control signal at the output of
the reference model response. It presents the
advantages of simple structure and stable and fast
reconfiguration. The general idea is to incorporate a
reference model that underlies the acquisition of
preferred closed-loop reactions. IAOA designs the
mechanism law and adjustments technique to drive
the desired trajectories for the system to track the
reference model output. The schematic diagram of
IAOA is shown figure6.
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Figure 6. Model Diagram of Intrinsic Assessment
Optimization

In this work can specify the first-order
model given the rotor current control output of the
turbine system:

Sl = i + bV (19)

209 = iy + bV (20)

Where i, and i,4is the system state, a and b are the
system model parameters, VI, is the control signal.

Vrrd = k(t) irdq + kr(t) irdq (21)

ot



Where: i.44is the reference signal, k(t) and
kr(t) are the feedback and the feed forward gain
respectively. For controlling the system, the outputs
of rotor current controller may be rewritten as follows

dirdqm

dt = a. irdqm + bm irdq (22)

Where i.qqmis the state of the reference
model, a,,, and a,, are the reference model
parameters and the algorithm steps are discussed
below

Step 1: Generate primary particles by using random
velocity and position.

Step 2: Set controller parameters, and calculate the
velocity fitness function.

__ Ximax—Ximin
Vimax = N - (23)
Vimin= ~Vimax
Where,

Ximax» aNd X min = Upper and lower bond of
the particles

Vimax and vi min = maximum and minimum
of velocity
Step 3: If all particles have been set, go to the next
step. Otherwise, go to the second step.

Step 4: Generate new particles by updating the
velocity.
Ifvi;(t + 1)Vjmax then vi;(t + 1)V max
Ifvi;(t + 1)Vjmin then vi;(t + 1)V min
Vi; = Input variables of velocity
Step 5: Generate new particles by updating the
position
I3 (t + 1)X;jmax then x;;(t + 1)X;j max
135 (t + D)X min then x;;(t + 1)Xjmin
x;; = Input variables of position
Step 6: If the stopping criteria are satisfied, go to the
next level. Otherwise, go to the second step.
Step 7: Analysis the output values.
Step 8: stop the process.

The process have been entered several times
to reach an average network. During the verification
process, both the RSC and GSC regions will be
further identified using the Controlled pulses to
Switches in the topology.
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Figure.7 Flowchart of IAOA

Figure.7 shows the flowchart that describes
the operating stages for the DFIG system. At the
initial step, the system read the input data and
optimizes the problem using the Intrinsic Assessment
Optimization Algorithm (IAOA), and it refers both
input and output and provides the practical result in
the overall system and the following parameters are
used to validate the performance of proposed system.
Peak Time

The response is to reach the peak value in
the starting time is called peak time, it is denoted

byt,. The derivative of the response is zero.
T

tp = W_d (24)
Where,

t, = peak time

w, = damped frequency
Peak overshoot

Peak overshoot is also known as maximum
overshoot, and it is defined as the deviation of the
peak time response from the final value of the

response.
my, = c(tp) — ¢() (25)




Where,
m,, = peak overshoot

c(t,) = peak value of the response
c(0) = steady state value of the response

Steady State Error

The steady-state error can occur because of
nonlinearities in our system, but this is beyond our
scope. Consider error that arises because of the
system itself and its input.

Steady state error is the difference between
the source and the reference voltage of the system,
and the time goes to the infinity, it will depend on the
type of the input signal line (step, ramp and parabolic
input).

Steady State Error = Reference Voltage /
Source Voltage (26)

In this system, the error is considered in the
variations of the reference voltage and the source
voltage. The efficiency of IAOA based DFIG system
is evaluated by using following mathematical
expression.

PO'LL
B =2 (27)
P;,, of DFIG can be understood by fast currents and
voltages, as indicated by the accompanying
condition.

P = Vo + i,V +icV; (28)

P, is controlled by the torque evaluation of the
shaft and the rotor speed takes after.

Pout = Tshaft * Wy (29)

The following equation is used to evaluate the
Efficiency of proposed system.

ﬁ — Tshaft*Wr (30)

iaVa+ibe+iCVC
4, Results and discussion

In this section discuss the proposed windmill
system to analyze the results of simulation and
performance. MATLAB2017a is used to develop the
simulator model of the proposed multi-machine
system is shown in Figure.8
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Figure 9. Power and Gain response of Grid
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Figure 9 shows the active and reactive
power and gain response of grid system. A DFIG
controller for an appropriate and beneficial change of
energy is fundamental and unavoidable. The power
has magnitudes in relation to the grid-side converter,
such as reactive power and active power near their
optimum values.
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Figure 10. Grid voltage Grid current

The above figure 10 shows the voltage and
current response of grid. By using IAOA method the
grid side converter is given the perfect result for
every working condition. Because the performances
on reference tracking and disturbance rejection has
sufficiently optimized with proposed IAOA design
procedure.
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Figure 11. Rotor Power Response and Gain

Figure 11 shows the active and reactive
power and the gain of the rotor system. The proposed
method can easily track the reference signal of the
active and reactive power of a dynamic system. In
this response, power control is verified that the
proposed method is robust in the performance of the
conventional method.
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Figure 12. Rotor Voltage and Rotor Current

The proposed IAOA based Rotor Voltage
and Rotor Current response was appeared in figure
12. By using IAOA method the rotor converter is
given the perfect result because reference tracking
and disturbance rejection has sufficiently optimized
with proposed IAOA design procedure.
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Figure 13: THD analysis of Rotor side converter Voltage



The THD analysis of Rotor side converter is
shown in Figure 13 using IAOA method. By using
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IAOA method to achieve low THD equivalent to
3.26% and a major component at 50Hz.
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Figure 14. THD analysis of grid side converter Voltage

Figure 14 shows the THD analysis of the
proposed system in grid side converter and it is
essential to monitor the input voltage in grid line and
output power to the inverter side of the system, in this
system produce Total Harmonics Distortion is 0.38%
by using IAOA method.

Table.1 Comparison analysis of THD

Performance Analayis

Evaluation Metrics

B (4

output per unit THD rotor side THD grid side

Different Paramters

g Direct Fuzzy — ==—ge=STOA 1ADA

Method E:Jrzezct STOA szgi‘ed
y Figure 15. Comparison Chart
Power Source Wind Wind Wind Figure.15 shows the comparison of output
Output power power and THD response in the proposed IAOA
per unit 038 0.85 0.9 system with existing Direct Fuzzy (D-Fuzzy), STOA.
As compared with existing methods the proposed
THD Rotor ;
' 4.89 4.02 3.26 method give very low level THD response.
Side (%)
THD Grid 457 3.99 0.38 Table.2 Control system parameters
Side (%) ' ' '
Direct Proposed
Method Fuzzy STOA LAOA
Table.1 shows the comparative analysis of beak Ti
the THD value and output power comparison in the eax t1me 0.6002 0.8948 0.9012
existing Direct Fuzzy, Substantial Transformative (sec)
Optimization Algorithm (STOA) with IAOA system. Peak
As compared with existing method the proposed Overshoot 0.9814 0.7414 0.6341
method give the perfect result. (%)
Recovery 0.56 0.43 0.41
Time (sec)
Steady State
Error (%) 0.65 0.46 0.39




Table.2 shows the control system parameters
comparison is peak time, peak overshoot, recovery
time, and the steady-state error of this system.
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Figure 16. Comparison Chart of Control System
Parameters

Figure.16 shows the table comparing the
control system load parameters such as peak time,
peak overshoot, recovery time and steady state errors
in the existing system with the proposed method.
Compared to existing methods of the proposed
method 1AOA give perfect results against all
parameters.

5. Conclusion

In this paper, the modeling and control of a
Doubly Fed Induction Generator based on multi-wind
turbine-generator system was considered. More
precisely, the modeling of the different components,
the control strategies for the back-to-back converter
have been studied and analyzed in detail. IAOA is
implemented in the wind turbine system, which carry,
the GSC control, the pitch angle control LRC control
and a maximum power point tracking control,
respectively. The objective of the control vector
system for the network-side converter controller is
used to maintain the constant voltage across the
capacitor and produce a unity power factor operation
of the grid. Domain time analysis based on
simulation results is performed. By using IAOA
method the THD result of 3.26% in rotor side
converter and 0.38% in grid side converter are
achieved.
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