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ABSTRACT: This paper work the detail transient operation of a
wind energy conversion system (WECS) used simultaneously as an
active filter and power generator. This study is intended to address
the system response to two types of transient phenomena: voltage
dips (fast transients) and wind speed variations (slow transients). The
system response to voltage dips is governed by the electrical system
dynamics and control method and results in the evaluation of the
WECS low-voltage ride through capability. The study of the system
response to wind speed variations requires a complete mechanical
model to be included. Due to ever increasing energy consumption,
rising public awareness of environmental protection, and steady
progress in power deregulation, alternative (i.e., renewable and fuel
cell based) distributed generation (DG) systems have attracted
increased interest.

Wind power generation is the most promising renewable energy
technologies. The various energy sources such as wind/DG/Fuel Cell
are modeled individually and latterly integrated to form a hybrid
system. The developed SIMULINK model of hybrid system is then
connected to 11KV grid through an AC bus. Dynamic models for the
main system components, namely, WIND/ FC are developed with the
help of MATLAB/SIMULINK software. Simulation studies have
been carried out to verify the system performance under fault
condition. The modeling of hybrid WIND/ FC/ DG system and there
affect on grid stability is addressed in this work
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1. INTRODUCTION:

Nowadays many applications in rural and urban areas use
hybrid systems. The power system in this study consists of a
wind turbine and proton exchange membrane (PEM) fuel cell
(FC). These components have very different characteristics.
But when they are engineered properly, they can work
together to generate power in a sustainable and reliable way.
Fuel cell and wind together can supply constant power to
some extent. However, because of the intermittency nature of
these two sources, the power will not be delivered to load at a
constant rate, so there will be either excess or deficit of
electric power. In the case of positive balance the excess
electricity is converted to hydrogen in an electrolyzer, and
when the electricity balance is negative then the fuel cell will
supply the deficits. Reliable electricity supply cannot be
ensured because of the intermittent nature of renewable
energy sources. Therefore, wind, solar and FC hybrid systems,
which combine conventional and renewable sources of
energies, are a better choice for isolated loads

2. MODELLING OF HYBRID SYSTEM

2.1 WIND TURBINE GENERATOR MODEL

According to the principle of aerodynamics, output power
characteristic of wind turbine is described as follows:

P, = 1/, pmAC, (1, B)V3R? (2.1)
The tip-speed ratio of wind turbine is written as:
1= (2.2)
The aerodynamic torque can be expressed as:
Ty= 1)y pnCr (4, pV?R? (2.3)
The torque coefficients which is given by:
Cr= BG4 B) (24)
The fitting functions of C+ (A, B) is obtained by:

Cs
G B) =i (= CsB —Cy) e’ +Coh (25)
l 1 0.035 (2.6)

A A+0088  p3+1

Where, C, ,..., Cg is the undetermined coefficient according to
characteristic of wind turbine.

Fig 1 Dynamic Model of Wind Turbine

2.2 FUEL CELL MODELLING

The PEMFC model designed in MATLAB and SIMULINK
for this study. This model is built using the relationship
between output voltage and partial pressure of hydrogen,
oxygen and water. Fig. 2 shows the detailed model of the
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PEMFC, which is then embedded into the SIM POWER
SYSTEMS of MATLAB as a controlled voltage source and
integrated into the overall system. The relationship between
the molar flow of any gas (hydrogen) through the valve and its
partial pressure inside the channel can be expressed as

qH> _ Kan _
oy ~ i, K @7

For hydrogen molar flow, there are three significant factors:
hydrogen input flow, hydrogen output flow and hydrogen
flow during the reaction. The relationship among these factors
can be expressed as

out

d RT i
e PH2 =5 — (i, — agy’ — ah,) (2.8)

According to the basic electrochemical relationship between
the hydrogen flow and the FC system current, the flow rate of
reacted hydrogen is given by

NoNgI
qn, = % = 2K, Irc (2.9)
applying Laplace transform, the hydrogen partial pressure can
be obtained in the s domain as
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Fig 2 Dynamic Model of Fuel Cell

o

3. SIMULATION AND RESULTS

In this paper simulated results for various types of

interconnections are presented during line to ground fault

condition on grid. Stability is being determined under the

following conditions:

(i) When wind plant is connected and not connected with
grid

(if) When fuel cell plant is connected and not connected with
grid

www.ijert.org

International Journal of Engineering Research & Technology (IJERT)
NCETECE 14 Conference Proceedings
ISSN: 2278-0181

3.1 WIND PLANT CONNECTED WITH GRID DURING

DIFFERENT FAULT CONDITION

I
H

Fig 3 SIMULINK Model of Wind Plant and Grid During Fault

3.2LGFAULT
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Fig 4.Voltage and Current Waveform on Grid When Wind Plant is Not

Connected
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Fig 5: Voltage and Current Waveform on Grid When Wind Plant is
Connected
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Fig 6 Voltage and Current Waveform on Grid When Wind Plant is Not
Connected
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Fig 7 Voltage and Current Waveform on Grid When Wind Plant is connected
3.4 LLG FAULT
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Fig 8 Voltage and Current Waveform on Grid When Wind Plant is Not
Connected

”:ﬂﬂ' Tdtwkageinots
b I I I I I I I
1 :"I‘I ‘Iul‘ I_’_‘ “.‘I‘, ‘_~‘I ‘_,._‘ Iﬁ. .'.‘ I‘,«_ 'A"I ‘j‘. "“. |‘ Iﬁ I"-' , ‘I‘\_‘” ¥ | il i _‘I‘_ ‘.‘I {\. "“.. ’.‘ pd
| u/\;:{;: ol ;:V:;V;:‘.;‘. A Y i
T T
M‘\‘“I‘\\II‘\I"" f '\"_
|II“‘I\‘\‘| AR A |'\u.‘"“‘| I ” \”|"|I‘
fJ-“|‘H\I I |“ ‘H i I\' i |“|]”I‘I'\'\ UL ] 4
HHP T HI AN
AN |‘\I'\"‘|“'\I i IIMH‘I]
JERE )IJ)F i)ﬁ)'ul |\|I|ll“i]I d
|‘ I ,\J‘J| |\‘ “‘| Il\l'\}u I“‘II, ‘|l‘||“l '|II.‘ ‘\‘, 'I‘!\
-I'J'w_; T HRTRY T Y \ Wy W \ ‘-_’.}\__;' EVJ ."J vl VWYYV
i \ | | | | | | |
0 [ | 15 1 u 3 } ! I §
Fig 9 Voltage and Current Waveform on Grid When Wind Plant is
connected
Table 1. Values of Voltage and Current Before and After Connecting
Wind Plant under Normal and Faulty Condition
Without wind With wind plant
plant
V(nom.) 11.2Kv 11.7Kv
I(nom.) 850A 750A
V(fault) 6.4Kv 6.9Kv
I(fault) 7340 Amp. 7320 Amp.
14000
11700
127 11200 B voltage W current
10000 -
8000 - 7346 6900’3‘0
6400
6000 -
4000
2000 + 850 250
0|
1 2 3 4

Fig 10 Graphical Representation of Different Values

3.5 Discussion-1 voltage and current waveforms when wind
plant are not connected and connected with grid during LG,
LL, and LLG fault respectively. Single line to ground fault
takes place on grid for 0.5sec. During fault we have analyzed
the parameters such as voltage, current and checked the
system stability. It is clear from the above that voltage profile
is considerably improved after wind plant interconnected with
grid, whereas value of current is reduced as compared to fig.
The various data’s of voltage and current are shown in table 1.
These values are being represented by plotting a graph. After
connecting the wind plant system to the existing system we
can say that power system stability is being improved by

1.078%
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Fig 11 SIMULINK Model of Fuel Cell Plant and Grid during Fault
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Fig 12 Voltage and Current Waveform on Grid When Fuel Cell Plant is Not
Connected
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Fig 13 Voltage and Current Waveform on Grid When Wind Plant is Not
connected
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Fig 14 Voltage and Current Waveform on Grid When Wind Plant is
connected
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Fig 15 Voltage and Current Waveform on Grid When Fuel Cell Plant is
connected
Table 2: Values of Voltage and Current Before and After Connecting
Fuel Cell Plant Under Normal and Faulty Condition

Without fuel cell With fuel cell
plant plant
V(nom.) 11.2Kv 11.650Kv
I(nom.) 850A 758.46A
V(fault) 6.4Kv 6.665Kv
I(fault) 7340 Amp. 7332.45 Amp.
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Fig 16 Graphical Representation of Different Values

4. CONCLUSION AND DISCUSSION

This work shows the impact of fault on power system
transient stability of large wind power system. The dynamic
modeling and simulation results of a wind energy based fuel
cell power system which consists of wind turbine (WT)
systems for power generation has been presented. The energy
sources such as wind/fuel cell are modeled individually and
latterly integrate in Matlab/Simulink software. The developed
Simulink model of hybrid system is then connected to 11KV
grid through an AC bus. Simulation studies have been carried
out to verify the system performance under fault condition.
Simulation results shows that after combining wind, fuel cell
power the system stability has been considerably improved as
compared to using independent wind / fuel cell power.
The transient response of a WECS operating as power has
been presented. The conclusion of this study is as follows:
(i) Harmonic compensation and transient response do not
interfere. Voltage and wind speed variations contribute to
determine the behavior of the fundamental components
only; the harmonic currents flow results from the NLL
characteristics. It has been observed that de-rating
implemented when harmonic compensation is applied
helps protecting the WECS during the transients.

Reactive power regulation minimizes the = voltage

oscillations at the PCC during wind speed transients: a

reactive power regulator has been designed to perform

this operation. For example, the effect of the length of the
transmission line on the voltage profile after a wind speed
variation has been addressed.

(iii) Electrical system: Phase jump during the fault has an
important role in determining the transient response and
will require a dedicated analysis, while NLL
characteristics and reactive power requirements affect
steady-state operation and derating.

(iv) Mechanical system: Blade and generator inertia affect the
regulation of power absorption at high wind speed, thus
impacting the quality of electric energy injected in the
grid following severe wind speed variations.

(i)
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