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Abstract

This paper projects an isolated hybrid model of Offshore wind-diesel-tidal turbine and discusses the stability and reactive power man-
agement issue of the whole system. The hybrid system often loses its stability as it becomes prone to uncertain load and input parameters
and therefore the necessity of Reactive power management becomes necessary. The overall stability of the hybrid offshore wind-diesel-tidal
turbine is made possible by the management of reactive power in the hybrid system through the application of FACTS devices. And therefore
the dynamic hybrid model of the DFIG and DDPMSG based offshore wind-diesel-tidal turbine is analysed for stability with different input
parameters like wind and tidal energies. For detailed modelling and simulation, a small signal model of the whole hybrid system is designed
and reactive power management of the system is achieved by the incorporation of a STATCOM controller. For improvement of stability and

reactive power compensation of the hybrid system, GA and PSO optimised STATCOM controller is used.
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1. Introduction

Remote places situated far away from the main grid always
remain devoid of power. Therefore it is always a challenge for
the power engineers to supply adequate power to the loads sit-
uated far away. Renewable energy sources play a vital role in
providing power to these localities as power can be generated
near the loads in these localities. Multiple renewable energy
sources are often utilised as hybrid systems in these places
to boost the generating capacity and to face the uncertainty
nature of renewables. Hybrid systems like wind-pv,wind-fuel
cell, wind-diesel, wind-bio mass are quite common combina-
tion and are often utilised in standalone mode. In recent days
wind offshore power plants are operating in different corners
of the world are found a good number of research articles
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are published about this technology. But in contrary the tidal
energy conversion is a technology that is still in development.
Combination of these two vital energy sources is a great ben-
efit to the mankind particularly for the remote islands and all
the offshore places. This hybrid energy source acts in a com-
bined manner and produce energy for the isolated loads. The
offshore wind tidal combined system can be of great benefit
to the remote islands where the extension of electricity grid
is a costly affair.

The combination of offshore and tidal turbines offer com-
bined continuous power as it is a well-known fact that the
renewable energies source as individual they do not produce
energy continuously eradicate the intermittent power supply
of the individual sources [1-5]. The isolated hybrid system
uses a diesel engine which works as a backup for the com-
bined system. During the hybrid operation the two energy
sources compensate one another in order to produce energy
in continuous period. Generally the wind turbine uses an in-
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Nomenclature

P,Qorig/pppmG  Real power Reactive power
(DFIG/DDPMG)

Psg Qsg Real Power, Reactive Power- (SG)

Em, AEMm Electromagnetic energy and small
change of Energy. (DFIG)

AQstaTcOM Reactive generated by STATCOM

AQcom Reactive Power (Compensator)

Ka Kg Kr Gain Constants of Voltage Regulator,
Exciter, Stabilizer

AV Incremental Change in terminal Volt-
age

Ky, K, Exciter Gain, Gain Energy loop

Ta,T,, T, Exciter, rising, settling time const.

X4 X4 Direct axis reactance of SG under
steady state and transient

A Phase angle -Compensators

AE Incremental Change in Internal Arma-
ture Voltage

AEgy Change in the Voltage of the Exciter

n Performance Index

duction generator as it is robust in nature. In present days
DFIGs are frequently used as wind turbines [6-9]. The tidal
turbine functions just like the wind turbine and uses DFIG
and DDPMSG. The tidal turbine is the most predictable en-
ergy source and gives continuous power supply. The offshore
wind turbine also gets continuous wind supply in comparison
to wind turbine in the mainland [10-15]. The combination
with the diesel backup becomes a reliable energy source for
remote locations. The wind-tidal isolated hybrid systems are
reliable and need low maintenance. Inorder to achieve opti-
mum result there is always a need of correct size of each
component of the—energy system and optimisation of energy
management within the system. As the wind remains much
more constant in the sea than the land, the sea proves to be
advantageous for wind turbines. The tidal turbine has lot of
similarities with wind turbines as far as the electrical side lay-
out and modelling are concerned. It is also true that the speed
of water currents is lower than the wind speed but the water
density is more than the air density. The wind turbines func-
tion at a higher rotational speeds and lower torque than tidal
in-stream turbines as the water density is higher than the air
density. As tidal turbines are much more predictable they are
integrated with electrical power grid in a easier way [16,17].
Areas with limited grid capacity always pose challenges be-
fore the power engineers Day by day the penetration of tidal
current energy is increasing into the electrical grid system
and more and more number of tidal based hybrid systems are
coming to the picture. But the stability of these tidal based
hybrid systems are always a challenge for the researchers.
A tidal turbine generator responses to network voltage and
frequency and with that it maintains electrical performance

requirements such as reactive power capability and system
voltage profile [18-20].

2. Modelling of offshore wind-tidal hybrid power system

In a simplified view the hybrid system as shown in Fig. |
composes an offshore wind turbine and a tidal turbine with
power electronics based FACTS devices for reactive power
compensation and enhanced power quality. The FACTS de-
vices also help in solving the grid connection problem and
storage difficulties. The hybrid system not only provides com-
bined power to the existing loads but enhances the overall re-
liability of the system. The diesel generator is usually used in
all the hybrid systems as back up for power production. The
tidal turbine becomes comparatively predictable and reliable
because of its continuous power supply capability

APrybria = APying + APgdal (D

AQppprmsc + AQpric = AQsc + AQcom ()

When connected to the load the reactive power balance
equation becomes as in Fig. 2

AQpppmss + AQprig + AQL = AQsc + AQcom 3)

The system terminal voltage is highly affected by the re-
active power balance equation and it can be summerised as

AV (s) = AQsc(s) + AQcom(s) — AQpppmsc (S)
— AQprig(8) — AQL(s) “4)

2.1. Modelling of offshore-wind turbine and tidal turbine
(DFIG)

DFIG is a wound rotor asynchronous generator where
power flows between the rotor and grid through AC/DC/AC
converters. Single line diagram of DFIG is shown in Fig. 3
where the supply side converter keeps the DC link voltage
constant without considering the direction of rotor power flow.

Depending on the stator flux vector position the induction
machine is controlled in synchronous rotating dq axis frame.
The active and reactive power control has been realised by
controlling Iqr and Idr through the rotor side converter. The
diesel engine as a conventional DG unit manages active and
reactive power in high load demand. Reactive power control
of the output is done by separate PI controllers and the outer
loop compares the voltage of generator DFIG with that of
reference voltage.

0 LmV . Vi
DFIG = 77— Vildr —
Le wilg

®)

The linearised form of the reactive power of proposed
DFIG can be calculated as

priG (8) =K;Alg (s)+K AV (s) ©)
WhererzL]":—s\:] andKez%_%
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Fig. 1. Offshore wind-diesel-tidal hybrid system.
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Fig. 2. Reactive power exchange between different components of offshore hybrid system.

Rotor d axis reference current, the output signal of the
voltage loop PI controller are

ALY = <Kp + %)[Av*f (s) — AV(s)] 7

An over damped second order system is designed accord-
ing to a first order system with equal settling time. Dynamic
inner loop is modelled and is equal to

1

T (ItSs) ALY ®

Idr
[ALSF, Ay, AV, AEg, AV,, AVy, AE ]

u = [AV]

w=[AQL] ®

The state space model of the offshore wind-diesel-tidal hy-
brid system can be modelled as shown in Fig. 4

&:

X =Ax +Bu+Cw

Where x,u,w are state, control and disturbance vectors of the
wind-diesel-tidal hybrid system and A,B,C are the matrices
of appropriate dimensions.

2.2. Modelling of offshore wind-tidal turbine (DDPMSG)

In case of a direct drive PMSG turbine (DDPMSG), the
generator-side converter is a diode rectifier and the grid side
converter is a Pulse Width Modulation (PWM) inverter as
shown in Figs. 5 and 6. These are utilised to meet the dc bus
voltage and regulate the grid-side power factor that is con-
trolled independently through the decoupled d-q vector con-
trol approach. The DC link decouples the operation of the
two converters and the PMSG speed changes during voltage
dips are negligible that is because the power supply to the
DC circuit from the machine-side converter is approximately
constant.

DDPMSG is nothing but a synchronous generator with
constant rotor flux linkage. The equivalent circuit is shown
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Fig. 5. Equivalent circuit of DDPMSG.

and the standard equation is given as

digs

STat

vas — Rgigs + LsWiqs

(10)

digs
dt

vds and vgs are direct (d) and quadrature (q) axis stator volt-
ages and ids and igs are the d and q axis stator currents. Rg
is resistance of the stator and Ls is inductance of the stator,w
is generator electrical speed

The Power equations are

S = —Vqs — Ryigs — Liwigs + 0 1D

Ps = Vsigs + Vqsiqs and QS = Vqsids - Vdsiqs

The generator side converter not only controls the output
active power of the generator but minimises the power losses
of the generator. The active power is controlled via vgs and
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the power losses of the generator are lessened by controlling
ids to zero. The control is implemented with vds. The control
block diagrams are shown. The control equations are given
by

x =f(x,z,u) (12)
z=g(x,u) 13)
P T
X = [wr71ds’1q57VDC7X17X27X35X45X5,X6] (14)
T
Z= [VdSa Vgs> VDg>» VQg] (15)
. . T
u= [VDl,VQl,ng,ng] (16)

X,z,u are the vectors associated with the state variables.
By linearising Eqs. (17) and (18) we get a relationship
like

Ax=AA,+B,+C,Az=D, +F,

The grid side converter control maintains the DC -link
voltage and the terminal voltage constant. It helps the system
in controlling the reactive power and enhancement of voltage
stability. The DC-link voltage and the terminal voltage of the
tidal turbine are controlled by Vpg and Vqg.

Vpg = Kps(—Kp3AVpc + Ki3x3—iDg)Kisxs5 + Xcige (17)

Vg = Kps(—Kps AV + Kigx5—1Qg)Kisx6 + Xcipg (18)

Kps, Kjs are gains of grid side converter. Kps, Kjs are gains
of terminal voltage regulator Kp3 and Kj3 are the gains of DC
bus voltage regulator (Figs. 7-9).

Fig. 8. Generator side converter control block diagram.
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Fig. 9. Grid side converter block diagram.

Where A is the combined system state matrix of DDPMSG
based tidal energy conversion system.

5 = Awtv Aid& Aiqu A\]dC3 AV? AI—Efdv AVav Ava AE/q]T
= [AViret]
[AQL]

u
w

Wind-diesel-tidal hybrid system with DDPMSG integrated
into the power grid can be modelled as

Hdwt _T T
a ~ M e
0.5,07'[R2CPV§,v
Ty = ——  where
Wy
— l R_Cf_().ozzlg -2 e—O.255(RCf/x)
P72

Te = _pwiqs
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2.3. AVR system modelling

Synchronous generator is preferred with DG set. This is
used as primary source of electric supply and an alternative
to the grid power. SG caters to reactive power need of the
system and controls the reactive power need of the offshore
wind-diesel-tidal hybrid system. The SG must be controlled in
a careful manner so as to prevent the rotor speed accelerating
through synchronous speed.

The synchronous generator equation is given by

(E’qVcosé —-V?)
X4

For small change the equation is

Qs = (Transient) (19)

Vcoss E’'qcoss — 2V
A = 20
Q6 XdAEq T XAV (20)

AQsc(S) = K, AE'q(S)+K,AV(S)
/
= Vcosd and Ky = E’qcosé — 2V 21
X'd X'd
Excitation system not only provides direct current to the
synchronous machine field winding but performs control and
protective functions in a hybrid power system by controlling
the field voltage and current.
The excitation system is represented by a single time con-
stant automatic high gain AVR System. IEEE type-I AVR
system used in this modelling is shown in Fig. 10.

2.4. Modelling of STATCOM controller

Basically a STATCOM is a solid state synchronous voltage
source which is equivalent to an ideal synchronous machine
that produces a set of three sinusoidal voltages at a funda-
mental frequency. The configuration of STATCOM is made
of voltage source converter with a coupling transformer and
dc capacitor. The control of the reactive current is achieved
by the variation of §(phase angle) and «(angle of fundamental
output voltage). The configuration of STATCOM is shown in
Fig. 11.

The reactive power injected by STATCOM is

Q+V2B — KV VBcos(8 — @) + KV4 VGsin(s — a) = 0

(22)
with incremental change
AQstarcom(S) = KjAa(S)+Kg AV (S) (23)
Kk = dechina and I<L = dechosa (24)

3.1. Design of STATCOM controller

For industry generally proportional integral type of con-
trollers are used. The effectiveness of PI controller based
STATCOM can be enhanced by tuning the proportionality
constants like Kp and Ki. The tuning process is further en-
hanced by the optimisation process through GA and PSO etc.
The controllers for STATCOM and DC voltage regulator are
better tuned by optimising by GA and PSO. In both the cases
of GA and PSO the objective function has been determined as
the integral time absolute error (ITAE). This index has been
used to optimise and control tuning. The GA and PSO optimi-
sations minimise the performance index ITAE. The population
size, number of chromosomes; mutation rate and mating rate
have been considered as 24, 4, 10% and 50%, respectively
for achieving better results. Finally the optimum results are
calculated by minimising the performance index.

3.2. Objective function

Objective function determines the mathematical relation-
ship between the optimised parameters. Here in this problem
GA and PSO are used to optimise the objective function. Op-
timisation of objective function damps out the oscillations of
STATCOM controller. The process is done by maximisation
of damping ratio of poorly damped eigen values of STAT-
COM controller. Also in this process the stability margin of
the hybrid system gets enhanced and thereby better damping
with minimum increment in terminal voltage is found out.
The optimisation of performance index also enhance the sta-
bility margin of the hybrid system by reducing the overshoot
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Table 1
Optimal Parameters.
Type of System Controller Kp Ki TIAE ITSE ITAE Rise Time Overshoot
STATCOM based PI Controller 65 13,500 961.2 24.4 15.92 0.0943 0.0198
STATCOM based system(GA) 35 6000 897.7 233 11.45 0.0345 0.0180
STATCOM based system(PSO) 31 5100 607.8 10.67 8.19 0.355 0.0126

(Mp), settling time (ts), rising time (tr) and steady state error
(Ess) of the terminal voltage. Indices like Inegral absolute er-
ror (IAE), Integral square error (ISE) and Integral square time
error (ISTE) are considered for calculation of the performance
index. Proportional-integral (PI) type controllers are usually
utilised in industrial applications and it is quite effective in
its performance The PI type controllers are tuned with ge-
netic algorithms (GA) and PSO optimisation method and in
both the GA and PSO optimisation, the objective function has
been determined as the integral time absolute error (ITAE) as
mentioned in Table 1.

o0
IAE:/ |V (t)|dt
0
ISE = / V2 (t)dt
0

o0
ISTE:f tV2(t)dt
0

3.3. PSO based STATCOM controller

Particle swarm optimisation takes inspiration from the so-
cial behaviour of bird flocking and it is an evolutionary al-
gorithm. It was first proposed by Kennedy and Eberhaut in
1995 and further elaborated in 1997. The actual concept is
how birds are able to prey for food in a confined area. Every
bird is taken as a particle and therefore this evolutionary al-
gorithm is named by particle swarm optimisation. It is very
useful to find the optimised solution with fewer parameters
and it converges the optimised solution quickly. It is also very
easy to implement because of its high efficiency and effec-
tiveness. PSO is quite popular for optimisation of the values
of PI controller and therefore this algorithm is used frequently
to optimise the value of Proportional and integral constants
of PI Controller. In PSO each particle changes its present
position to a new position with respect to the new velocity,
distance to pbest, previous positions and the distance to gbest

in that particular problem. After that particle’s velocity with
its new position are updated as per Fig. 12.

VAt +1) = W@EVA(t) + Ci XX (pbest?! — X! (1))
+ Co XX (ghest! — x4 (1))
ghest! =x{t+ 1)+ VAt +1) (25)

t
W) =rand X

X(Wmax - Wmin) + Wmin (26)

max
Vid (t) is the ith particle in the dth dimension at iteration t
and X7 (t) is the current position of the particle.

C1 and C2 are the acceleration coefficients. r1 and r2
represent random numbers between [0, 1]

A typical PSO algorithm can be summarised as shown in
Fig. 12.

First step: Define of number of particles, and initialise their
initial speeds and positions.

Second step: Evaluation of the fitness of each particle.

Third step: For each particle, compare the above calculated
fitness with its present best fitness. If the former is better, then
update its present best fitness by the former, and update its
best position by present position.

Forth step: For each particle, compare its fitness with the
swarm’s global best fitness. If the former is better, then up-
date global best fitness by the former, and update global best
position by the being compared particle’s best position.

Fifth step: Update each particle’s position and speed ac-
cording to the Eqgs. (13)—(15).

Sixth step: Repeat from step 2 until termination conditions
are fulfilled.

In this paper, the PSO is used to determine the optimum
PI controller parameters.

4. Simulation results and discussion

The offshore wind-diesel-tidal hybrid system is system
with varying load inputs and disturbances and observed un-
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Table 2
Maximum Deviation Of different system Parameter.

System Parameters DFIG offshore wind

Maximum Deviation DDPMSG offshore wind

With STATCOM
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Fig. 13. Convergence Curve for GA and PSO algorithm.

der various operating conditions. During simulation the per-
formance of different controllers are analysed and their con-
tribution in minimisation of voltage deviation in the hybrid
system has been discussed. The system performance under
normal loading and uncertain load variation (£5%) is exam-
ined to know the load sharing, controller performance and the
deviation of system voltage profile. Also the hybrid system
performance is watched with fixed and variable inputs like
wind and tide. Detailed analysis with and without controller
have been carried out and improvements have been noticed
with GA and PSO based optimised STATCOM Controller as
shown in Fig. 13, Fig. 14(a-d), Fig. 15(a-c) and Table 2.

4.1. Stability analysis

4.1.1. Eigen value & participation factor analysis

The Eigen values are set of scalars and are associated with
a linear system of equations. which are sometimes generally

known as characteristic roots or characteristic values. Deter-
mination of the eigenvalues and eigenvectors of a system is
Very important in engineering which is equivalent to matrix
diagonalisation. It has common applications as stability anal-
ysis, each and every eigenvalue is paired with a correspond-
ing eigenvector (A — AI)X = 0. Where I is called the iden-
tity matrix. As discussed in Cramer’s rule, a linear system
of equations has nontrivial solutions if and only if the deter-
minant vanishes. The solutions of equation det(A — Al) = 0.
This equation is known as the characteristic equation of A
and the left-hand side is known as the polynomial. The eigen
values of DFIG and DDPMSG based hybrid systems are men-
tioned in Table 3.

The Participation matrix of the hybrid system indicates
a relationship between the selected state variables and the
eigen values which combines both right and left Eigen vec-
tors. It clearly shows the association between state variables
and Eigen values as shown in Table 4.

[Pl = [pleccccecrenee. pn| (24)

pi= [pki] = [fkigik] (25"
Where ¢ki= the element of the kth row and ith column of
the matrix [¢]. The stability of wind-diesel-tidal hybrid power
system depends on the eigen values under different loading
condition and input power. It is in case of DDPMSG the eigen
values lie more to the left hand side of s plane in comparison
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to DFIG and thereby indicating enhancement of damping and
stability.

Further the stability analysis of the hybrid wind-diesel-tidal
hybrid system has been processed with DFIG and DDPMSG
based turbines and the performances have been compared
based on Bode, Nyquist circle criterion as shown in Fig. 16(a—
f). The Bode plots stand for the frequency plots of the mag-
nitude and phase of the open-loop frequency transfer function
where magnitude has been plotted in dB (decibels) and the
phase angle in degrees.

These plots Fig. 16(a,b), represent the static gains and dy-
namic roots by providing informations regarding the phase
and gain margins. It indicates the closed-loop frequency re-
sponse parameters and are extremely helpful in assessing the
transient stability of the offshore hybrid system. Fig. 16(c)
shows the pole zero and Nichols chart of the offshore hybrid
system and analyse the stability criteria. In Nyquist stability
criterion, a system attends stable stage if the value of feedback
gain k is such that the point -1/K will never lie on the right
half of stability plane G (s), which is the transfer function of
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Fig. 16. (a—f)-Stability analysis of the hybrid system through Bode,Nyquist,Pole zero and Nichols chart.
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Table 3
Comparison of Eigen values and Damping Ratio of DFIG and DDPMSG.
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DFIG based Wind- Diesel-Tidal Turbine

DDPMSG based Wind- Diesel-Tidal Turbine

Eigen value Damping Frequency Eigen value Damping Frequency
—3.83e—2 1.00e+-00 3.83e—02 —3.89¢—-02 1.00e+-00 3.89¢e—02
—4.84e+-00 1.00e+-00 4.84e+-00 —4.88e+-00 1.00e+00 4.88e+-00
—1.18e+1+3.06e+1i 3.59¢—01 3.28e+-01 —1.09e+1+3.06e+1i 3.36e—01 3.25e+-01
—1.18e+1 — 3.06e+1i 3.5%9¢—-01 3.28e+01 —1.09e+1+3.06e+1i 3.36e—01 3.25e+01
—4.44e+4-01 1.00e+00 4.44e+01 —1.18e+1+3.06e+1i 3.59¢—01 3.28e+-01
—1.45e+-02 1.00e+-00 1.45e+02 —1.18e+1 +3.06e+1i 3.59¢—01 3.28e+01
—6.14e+4-02 1.00e+00 6.14e+02 —4.48e+1 1.00e+-00 4.48e+01
—7.96e+-04 1.00e+-00 7.96e+-04 —1.47e+42 1.00e+-00 1.47e+02
—6.18e+2 1.00e+-00 6.18e+02
Table 4
Participation factors of DFIG & DDPMSG based Wind-Diesel-Tidel hybrid system.
Participation factor Matrix (DFIG)
[—0.01005 —0.1057321  —0.3401 —0.998207 —0.9982073 0.537238520 —0.005066  0.352623952 7] [ALE
—2.821e — 12 —5.015¢ — 07 —2.9¢ — 05 0.0013675 0.0013675 0.00052145 —0.000868  0.259084091 Algr
4.9825019 0.00051230  0.00156 0.0011373 0.0011373 —0.0028795 —0.0561506 0.05316289 AV
8.89¢ — 08 0.98525017  0.70161 —7.08¢ — 05 —7.082¢ — 05 — 0.0079; —0.398855  0.386126769 —0.3104040 AEgy
—1.171e — 05 —0.02300 0.53168 —0.00047 —0.000472 — 0.00774i  —0.3693274 0.383014330 —0.31038429 | [ AV,
0.0104176 0.1066655 0.32580 —0.003653 —0.003653 — 0.0161i —0.643635  0.837262837 —0.695172 AVy
L—0.99989 —0.078711 —0.056 —0.000553 — 0.00035; —0.0005537 4+ 0.00034; 0.03295079 —0.002907  —0.001607 AEL]
Participation factor Matrix (DDPMSG)
r—0.0000i —0.0000i 0.0001 — 0.i —.4877 + .162i —.4877 — 162i  —0.0049 +0.0i —0.0004 — 0.0i O 0 T Aw T
—0.0000i 0.0001 + 0.00i 0.503 — 0.139i 0.503 + 0.139i —0.0085 — 0.0i 0.0001 + 0.0i 0.0001 +0.0i O 0 Aigs
—0.0000i —0.0000i —0.0000 — 0.0i —.0122 — .018i —.0122 + .184i 0.0002 + 0.0i —0.0033 —0.0i 0 0 Aigg
—0.0000i .0001 +0.0i —0.0074 +0.0i —0.082+0.03i .0082 —.003i 0.0702 + 0.0i 0.9452+00i O 0 AV,
—0.0000i 0.9464 + 0.00i .1639 — —0.0i 0.004 — 0.01i —.0012 + 0.06i —0.1109 + 0.0i —0.0003 — 0.0i 0 0 AV
—0.0000i 0.032—0.0i 1.3622 — 0.00i —0.0012 — 0.6  0.066 + 0.044i —0.3958 + 0.0i —0.0009 — 0.0i 0 0 AEsy
—0.0000i .0217 + .0i —0.5199 — 0.0i 0.066 — 0.044i —.0012 + 0.06i  1.4506 + 0.0i 0.0597 —00i O 0 AV,
0.0000i 1.0 + 0.00i —0.024+0.0i  0.0010 — 0.0i —0.0000 + 0.0i —0.0000 — 0.0i —0.0008 + 0.0i 0 0 AV
LO 0 0 0 0 0 0 —0.5+.1487i —0.5 —0.1487il | AE,

the proposed hybrid system. The total region in right plane as
covered by G (jw) indicates the Nyquist plot. If n indicates the
number of poles which lie in the right-half of the s-plane, then
there lie n map layers that leave behind the roots by traversing
a small circle around each of them in anti-clockwise direc-
tion which results in a larger circle traversed in the clockwise
direction that is clearly shown. The simulation results have
shown that in comparison to the offshore hybrid system with
DFIG, the DDPMG based hybrid system has better dynamic
responses

4.2.2. Sensitivity analysis

Sensitivity analysis is carried out to see the robustness
of the offshore wind-diesel-tidal hybrid system and optimum
gains and parameters of the controller are obtained with dif-
ferent loading conditions. Sensitivity analysis identifies the
parameters which have great impact on system stability. The
sensitivity analysis results help in modelling those parameters
as random variables during performing small signal stability
analysis. As the power system is a nonlinear and complex
system, the parametric sensitivity to the whole system matrix
is very complex. Therefore the Sensitivity of few parameters
which have direct entry to the system state matrix are com-
puted analytically by studying their contribution to the state

matrix. But for parameters having no direct entry to the state
matrix sensitivity computation can be very complex.

5. Conclusion

Reactive power compensation and dynamic stability of iso-
lated offshore wind tidal current hybrid system has been done
and found to be effective. The small signal state space rep-
resentation of the whole system has been done and a STAT-
COM is included as a device for reactive energy control. The
offshore wind tidal hybrid turbines have been modelled with
DFIG and DDPMSG and a comparison is drawn between the
behaviour of different parameters. The simulation results vin-
dicate the performance of DDPMSG based offshore wind tidal
hybrid system which is further optimised with GA and PSO.
In case of DDPMSG based hybrid system the oscillations
of the terminal voltage damp quickly and the peak DC-link
voltage is a little bit smaller than that of DFIG based hybrid
system. During uncertainties or disturbances the DDPMSG
turbines generate more reactive power to support the termi-
nal voltage and improves the voltage stability profile of the
hybrid system as it is interfaced with the power grid. The
transient stability margins can be maximised by different soft
computing based controllers through optimisation techniques
like GA and PSO.
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