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Abstract:

In this paper, a new three-phase four-wire autonomous
wind—-small hydro hybrid system is proposed for isolat-
ed locations, which cannot be connected to the grid and
where the wind potential and hydro potential exist simul-
taneously. The issues of voltage and frequency control
(VFC) are very important. The wind system was driven
by Squirrel Cage Inductors. The proposed system utilizes
two back-to-back-connected PWM, IGBT based voltage-
source converters (VSCs) with a BESS at their dc link.
The proposed hybrid system has advantage of bidirection-
al active- and reactive-power flow, by which it controls
the magnitude and the frequency of the load voltage. The
system operation was verified by different types of loads.
The performance characteristics of proposed hybrid sys-
tem had verified by MATLAB/Simulink-SimPower Sys-
tems software.
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LINTRODUCTION:

Renewable energy sources have attracted attention world-
wide due to soaring prices of fossil fuels. Renewable en-
ergy sources are considered to be important in improving
the security of energy supplies by decreasing the depen-
dence on fossil fuels and in reducing the emissions of
greenhouse gases. The viability of isolated systems using
renewable energy sources depends largely on regulations
and stimulation measures.
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Renewable energy sources are the natural energy resourc-
es that are inexhaustible, for example, wind, solar, geo-
thermal, biomass, and small hydro generation [1]. Among
the renewable energy sources, small hydro and wind en-
ergy have the ability to complement each other [2]. As
regards wind-turbine generators, these can be built either
as constant-speed machines, which rotate at a fixed speed
regardless of wind speed, or as variable-speed machines
in which rotational speed varies in accordance with wind
speed. For fixed-speed wind turbines, energy-conversion
efficiency is very low for widely varying wind speeds. In
recent years, wind turbine technology has switched from
fixed speed to variable speed. The variable-speed ma-
chines have several advantages. They reduce mechanical
stresses, dynamically compensate for torque and power
pulsations, and improve power quality and system effi-
ciency. The grid-connected variable-speed wind-energy-
conversion system (WECS) based on SCIG use back-to-
back connected power converters. In such systems, the
power converter decouples the SCIG from the grid, re-
sulting in an improved reliability.

In this paper, a new three-phase four-wire autonomous (or
isolated) wind—small hydro hybrid system is proposed for
isolated locations, which cannot be connected to the grid
and where the wind potential and hydro potential exist si-
multaneously. One such location in India is the Andaman
and Nicobar group of islands [3]. The proposed system
utilizes variable speed wind-turbine-driven SCIGw (sub-
script w for wind), and a constant-speed/constant-power
small hydro-turbine-driven SCIGh (subscript h for hydro).
For the rest of this paper, the subscript w is used to denote
the parameters and variables of the wind-turbine genera-
tor, and the subscript h is used to denote the parameters
and variables of the hydro-turbine generator.
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A schematic diagram of a three-phase four-wire auton-
omous system is shown in Fig. 1. Two back-to-back-
connected pulse width modulations (PWM)-controlled
insulated-gate-bipolar transistor (IGBTs)-based voltage-
source converters (VSCs) are connected between the
stator windings of SCIGw and the stator windings of the
SCIGh to facilitate bidirectional power flow. The stator
windings of the SCIGh are connected to the load termi-
nals. The two VSCs can be called as the machine (SCIGw)
side converter and the load-side converter.
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Fig. 1: Schematic diagram of wind—hydro hybrid
system.

II.SYSTEM DESCRIPTION:

The system employs a battery energy storage system
(BESS), which performs the function of load leveling in
the wake of uncertainty in the wind speed and variable
loads. The BESS is connected at the dc bus of the PWM
converters. The advantage of using BESS on the dc bus
of the PWM converters is that no additional converter is
required for transfer of power to or from the battery. Fur-
ther, the battery keeps the dc-bus voltage constant during
load disturbances or load fluctuations. An inductor is con-
nected in series with the BESS to remove ripples from the
battery current.A zigzag transformer is connected in par-
allel to the load for filtering zero-sequence components of
the load currents. Further, the zigzag windings trap triplen
harmonic (third, ninth, fifteenth, etc.) currents. As shown
in Fig. 1, the zigzag transformer consists of three single-
phase transformers with a turn ratio of 1:1. The zigzag
transformer is to be located as near to the load as possible.
The neutral terminal of the consumer loads is connected
to the neutral terminal of the zigzag transformer. For the
hybrid system, a new control algorithm is proposed that
has the capability of MPT, harmonic elimination, load
leveling, load balancing, and neutral current compensa-
tion along with VFC.
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The objectives of the machine (SCIGw) side converter
are to provide the requisite magnetizing current to the
SCIGw and to achieve MPT. In the conventional control
of variable-speed SCIGs, the objective of the load-side
converter (called as grid-side converter in the grid-con-
nected systems) is to maintain the dc-bus voltage con-
stant at the dc link of two back-to-back connected VSCs.
Because in the proposed system the dc-bus voltage is
kept constant by the battery, the control objective of the
load-side converter is different, i.e., to maintain an active
power balance in the system by transferring the excess
power to the battery or for providing deficit power from
the battery. Further, the load-side converter provides the
requisite reactive power for the load. The reactive-power
requirement of the SCIGh is provided by the excitation
capacitors connected at its stator terminals.
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Fig 2: WECS with SCIG

A novel control strategy using indirect current control is
proposed for the load-side converter. The control signals
for switching of the load-side converter are generated
from the error of the reference and the sensed stator cur-
rents of SCIGh rather than by the errors of the load-side
converter currents. With this control strategy, the switch-
ing of the load-side converter is controlled to make the
SCIGh currents balanced and sinusoidal at the nominal
frequency. Any unbalance and harmonics in the load cur-
rents are compensated by the zigzag transformer and the
load-side converter.The proposed control algorithm for
load-side converter requires sensing of the load voltage
and stator currents of SCIGh. For the control purpose,
sensing of load-side-converter currents and load currents
is not required, thus reducing the requirement of current
sensors for the control of load-side converter.

HIL.FUNCTIONAL OPERATION OF SYS-
TEM:

As already stated, the proposed system uses two back-
to-back-connected PWM-controlled IGBT-based VSCs.
These VSCs are referred to as the machine (SCIGw) side
converter and load-side converter.
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The objectives of the machine (SCIGw) side converter is
to provide the requisite magnetizing current to the SCIGw
and to achieve MPT, and the objective of the load-side
converter is VFC at the load terminals by maintaining
active- and reactive-power balance.To achieve MPT, the
SCIGw is required to be operated at optimal tip speed ra-
tio. The tip speed ratio determines the SCIGw rotor-speed
set point for a given wind speed, and the mechanical pow-
er generated at this speed lies on the maximum power line
of the turbine. The operating principle of the controller
for the machine (SCIGw) side converter is based on the
decoupled control of d- and g-axes stator currents of the
SCIGw with the d-axis aligned to rotor flux axis. The ref-
erence value for the d-axis or reactive component of the
SCIGw stator current is generated from the required mag-
netizing flux for the SCIGw. The reference value for the
g-axis or active component of the SCIGw stator current is
generated from error of the desired speed and the sensed
SCIGw rotor speed.

Fig 3: WECS with DC-link converters back-to-back
operation.

The output of the speed controller gives the reference
g-axis stator current for SCIGw. The reference d—q
SCIGw stator currents are transformed to the reference
three-phase SCIGwstator currents and compared with
the sensed three-phase SCIGw stator currents to generate
control signals for the machine (SCIGw) side converter.

The load-side converter is controlled for the regulation of
load-voltage magnitude and load frequency. Further, for
maintaining the load-frequency constant, it is also essen-
tial that any surplus active power in the system is diverted
to the battery. Alternatively, the battery system should be
able to supply any deficit in the generated power. Simi-
larly, the magnitude of the load voltage is maintained
constant in the system by balancing the reactive-power
requirement of the load through the load side converter.
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Fig 4: Hydro energy system.

IV.CONTROL STRATEGY:

The objectives of the machine (SCIGw) side converter are
to achieve MPT and to provide the required magnetizing
current to the SCIGw, and the objective of the load-side
converter is to control the magnitude and the frequency of
the load voltage.

Machine Side Converter controller:

The objectives of the machine (SCIGw) side converter
are toachieve optimum torque for MPT for SCIGw and
to providethe required magnetizing current to the SCIGw.
The controlstrategy for the machine (SCIGw) side con-
verter control isshown in Fig. 5.

Fig 5: Control scheme of machine-side converter

Speed-Control Loop for MPT and Reference g-axisSCIGw
Stator-Current Generation: In the proposed algorithm,the
rotor position (6rw) of SCIGw and the wind speed are-
sensed. The rotor speed (orw) of SCIGw is determined
from its rotor position (Orw).

The three-phase reference SCIGw stator currents (iswa,
iswb,and iswc) are then compared with the sensed SCIGw
statorcurrents (iswa, iswb, and iswc) to compute the
SCIGw statorcurrenterrors, and these current errors are
amplified with gain(K = 5) and the amplified signals are
compared with a fixedfrequency(10 kHz) triangular car-
rier wave of unity amplitudeto generate gating signals for
the IGBTs of the machine-sideVSC.
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Load-Side Converter controller:

The objectives of the load-side converter are to maintain-
rated voltage and frequency at the load terminals irrespec-
tiveof connected load. The power balance in the system
ismaintained by diverting the surplus power generated to
thebattery or by supplying power from the battery in case
of deficitbetween generated power and load requirement.
Similarly, therequired reactive power for the load is sup-
plied by the load-sideconverter to maintain constant value
of the load voltage. Thecontrol strategy for the load-side
converter control is shown inFig. 6.

Fig 6: Control scheme of load-side converter.

These current errors are amplified with gain (K=5), and
theamplified signals are compared with a fixed-frequency
(10 kHz)triangular carrier wave of unity amplitude to gen-
erate gatingsignals for IGBTs of the load-side converter.

V.SIMULATION RESULTS:

A simulation model is developed in MATLAB usingSim-
ulink and Sim Power System set toolboxes. The simula-
tionis carried out on MATLAB version 7.8.The electrical
system is simulated using Sim Power System.The differ-
ent loads are modeled using resistive and inductiveele-
ments and diode-rectifier-fed resistive loads combined
withan LC filter. The unbalanced load is modeled using
breakersin individual phases. The developed MATLAB
model for thewind-hydro hybrid system is shown in Fig.
7.

Fig 7: MATLAB simulation diagram of wind-hydro
hybrid system
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The performance of the wind-hydro hybrid system with
theproposed control algorithm is demonstrated under dif-
ferent dynamic condition. Moreover, performanceof the
wind-hydro hybrid system is studied withvarious elec-
trical loads, i.e., balanced linear load, unbalanced linear
load, balanced/unbalanced nonlinear load, and mixed
load consisting of linear, nonlinear, and dynamic loadsthe
performance of the systemis also studied under varying
SCIGw rotor speeds due to windspeed variations.It is
observed that under all theseconditions, the wind-hydro
hybrid system performs in the desirablemanner. For non-
linear load under balanced and unbalancedconditions,
SCIGw current, SCIGh stator current, and the loadvolt-
age are balanced, and the total harmonic distortion (THD)
in the SCIGw current, SCIGhcurrent, and the load voltage
arewithin the desired limit, as shown in Table 1.

The SCIGw isable to run at speeds corresponding to the
MPT with varyingwind speeds. The simulated transient
waveforms of the SCIGwstator current (isw), SCIGh sta-
tor current (ish), load-side convertercurrent (iC), three-
phase load voltage (vL), three-phaseload current (il),
single-phase load currents (iLa, iLb, andilc), zigzag
transformer currents (ita, itb, itc, and itn), loadfrequency
(fL), rms value of phase load voltage (Vt), SCIGwstator
frequency (fw), battery current (Ib), battery voltage(Vdc),
SCIGw stator power (Pw), SCIGh stator power (Ph),load
power (PL), battery power (Pb), coefficient of power(Cp),
SCIGw rotor speed (orw), and wind velocity (Vw) are-
shown for different operating conditions.
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| | | | Fig 9: Performance of proposed system with balanced/
unbalanced linearloads at wind speed of 8 m/s.

SEeeeteeeea:
jos Seeiiiae

A
L7

S

E

Fig 8: Performance of hybrid system with balanced
linear load at wind speedof 11 m/s.

xE W S S Fig 10: Performance of proposed system with bal-
DA anced/ unbalanced nonlinearloads at wind speed of 10
m/s.
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Fig 11: Performance of proposed system with com-
bined load of balancedlinear, nonlinear, and dynamic
loads at wind speed of 9 m/s.
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Fig 12: Performance of proposed system with balanced
linear loads atvariable wind speeds.

VI.CONCLUSION:

A new three-phase four-wireautonomous wind-hydro
hybrid system, using one cagegenerator driven by wind
turbine and another cage generatordriven by hydro tur-
bine along with BESS, has been modeledand simulated
in MATLAB using Simulink and Sim PowerSystem tool
boxes.The performance of the wind-hydro hybrid system
with the proposed control algorithm is demonstrated un-
der different dynamic condition. It has been demonstrated
that the proposedhybrid system performs satisfactorily
under different dynamicconditions while maintaining
constant voltage and frequency.
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