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Abstract: This paper presents an active power control strategy has
been developed such that when the wind alone is not able to meet
the energy demand, the combination of both Wind-diesel engine
supplies the load, so that the energy demand is met. Permanent
Magnet Brushless DC (PMBLDC) generator is used as a wind
power generator and the Incremental conductance (INC)
method is used for Maximum Power Point Tracking (MPPT)
along with boost converter. This output is stored into battery
Storage (BS) system and surplus is supplied to the consumer
loads. Squirrel Cage Induction Generator (SCIG) is used as diesel
generator (DG) set. Back propagation feed forward (BPFF)
control scheme is used for Voltage and Frequency (VF) control of
Voltage source converter (VSC). This controller provides
harmonics elimination, load leveling, and reactive power
compensation and also regulates the voltage at Point of Common
Coupling (PCC). The performance and the analysis of micro grid
done with the help of Fuzzy Logic Controller (FLC) and
Proportional Integral (P1) controller in BPFF scheme. The
analysis can be done by using MATLAB/Simulink.

Index Terms: Micro grid, PMBLDCG, SCIG, BPFF, MPPT,
Load Leveling, Power Quality.

I. INTRODUCTION

In recent years the renewable energy based distributed generators
(DGs) play a dominant role in electricity production, with the
increase in the global warming. Conventional energy sources are
limited & in declining phase now [1-2] and high cost of generation
of power [3]. Distributed generation based on wind, solar energy,
biomass, mini-hydro [4-6] along with use of fuel cells and micro
turbines will give significant momentum in near future. Advantages
like environmental friendliness, expandability and flexibility have
made distributed generation, powered by various renewable and
nonconventional micro sources, an attractive option for configuring
modern electrical grids. In difficult geographical land where main
power grid is not accessible, the concept of placing a local micro
gird in combination with fossil fuel based generator sets and
renewable can be materialized [7-10]. A micro grid consists of
cluster of loads and distributed generators that operate as a single
controllable system. A single renewable energy source may not be
able to meet the load demands apart from the fact that continuous
supply of energy may not be ensured (say wind is not available on a
particular day in a wind farm). This makes the importance of hybrid
energy systems such as wind- PV, wind-diesel along with use of
battery etc. Owing to the fast controllability and response time of
the diesel engines, they are quite popular for integration with wind
energy conversion systems (WECS). Hence a wind diesel hybrid
system is considered in this paper. In this combination, wind power
is stored in BS [9-10] and excess power is utilized to supply load
and if still load requirement is high and more than wind generation
that deficit power is fed from the DG set [11-12]. BS design and

size calculation are necessary for isolated micro grid [13-14].
Battery charging control is [15-16] for optimum charging and
reliable operation of micro grid. This configuration design helps to
reduce the fuel consumption and economically utilize the
conventional energy resources.

In this paper, a standalone micro grid is used that constitutes
Squirrel Cage Induction Generator based DG due to its low cost and
low maintenance [17-19] and PMBLDC generator as Wind Energy
Conversion System (WECS), the reason being its simple
construction, high power density and ripple less torque [20-21]. It is
connected with 3-phase rectifier, boost converter with MPPT and a
battery bank for maximum power extraction an incremental
conductance approach [22-23].is used to reduce the cost and to
improve system reliability as it is mechanical sensor-less technique.
Single voltage source converter (VSC) linked between battery bank
and PCC works as Voltage and Frequency controller. Back
propagation feed forward (BPFF) control scheme is used for VF
control of VSC. This controller provides harmonics elimination,
load leveling and reactive power compensation and also regulates
the voltage at PCC. The performance and the analysis of micro grid
done with the help of FLC [25] and PI controllers in BPFF scheme
[24].

Il. SYSTEM CONFIGURATION AND CONTROL

Schematic diagram of Wind-Diesel micro grid is shown in the
Fig.1. PMBLDC Generator used as WECS produces electrical AC
power from wind energy. This energy with no ripples in the torque
due to induced trapezoidal EMF and quasi square currents. This AC
power converts into DC power with 3-phase diode rectifier. An
inductor is attached to rectifier, makes the DC current smooth. For
getting a maximum power MPPT Controller used in the boost
converter. MPPT is realized with INC algorithm. BS is placed
parallel with VSC and DC link. It provides stability to the micro
grid during excess power generation and load leveling during low
generation or peak load demand. SCIG used as DE produces AC
power to the linear or nonlinear loads. It is having delta connected
capacitor bank for providing reactive power externally.
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Fig.1 Schematic diagram of Wind-Diesel microgrid.
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A. Back Propagation Feed Forward Network Controller

BPFF is a multi layered feed forward neural network supervised
learning based approach used for indirect current control of VSC. It
is totally three layers. They are input layer, hidden layer and output
layer. The input signal is given to the input layer first then to the
hidden layer and then to the output layer. In-phase and quadrature
templates of PCC voltage are obtained as, the peak terminal voltage
V. is defined as,

2
Vo= (£ + 5+ vE) ®

Where Vg, Vg, Vs are phase voltages.
The in-phase unit templates are expressed as,

Vsa Vsb Vsc
u =— Uu =— u = — 2
pa Ve pb Vi pc Ve ( )

The quadrature unit templates are defined as,

(upc—upb)
Uga = %31’1’ ©))
(Bupa+upp—Uupc)
Ugp = %‘;’p 4)
_ (—3upa+upp—upc)
Uge = 2\/§p (%)

Schematic diagram of BPFF control technigue is shown in
the Fig. 2. it is used to generate PWM pulses for the switching of
VSC by comparing the reference input currents and sensed input
currents. Reference input currents are calculated with weight values
of load currents. Input layer neurons in its first half portion for
phase ‘b’ are expressed as,

ILpb =w+t iLaupa + iLbupb'i'iLcupc (6)
Iqu =w+ iLauqa + iLbuqb-l_iLcuqc (7)

Where w is the initial estimation of synaptic weight.
Similarly phase 'a’ & ‘¢’ (ILpa, lipe, lLga @Nd I qc) are calculated. Here
for output of input layer apply the active function i.e. sigmoid

function. It is expressed as,
1

Xpb = m 8
qu = m (9)

Similarly equations for phase ‘a’ & ‘c’ (Xpa Xpe: Xqa @and
Xqc) are also calculated. The input layer outputs are given to hidden
layer as inputs. They are expressed as for phase ‘b’,
Ipbl = Wy + Wanpa + prpr+WpCXpC (10)
Iqbl = Wy + anan + ququ+chXqC (11)
Here W, Wpa, Wy, Wy are some constants values between
(0, 1) to initialize the weights. These values are updated by back
propagation error correction rule. Rectified weights of phase ‘b’
active and reactive power components of load currents wy, and wy,
at r™ sampling time are as,
Wpb (I‘) = Wpt(r) + T]{Wpt(r) - prl(r)}wéblpr (I‘) (12)
qu (I‘) = th(r) + T]{th(l‘) - qu] (r)}w(,lblxqb (I‘) (13)
Wpa, Wpe, Wga and Wy are calculated in similar way. These output
values are applied with active function. It is represented as,
1

Wpbl = oD (14)

qul = m (15)
Amplitude of the average active and reactive power components of
load currents is defined as,

— aX(Wpal‘*‘prl"'wpcl) (16)

Wpt

3
a><(anl"’V‘/qbl"""’qcl)

3
DC component of the weighted component is extracted through
LPF. Reference active current component is computed as

Wps = Wpt — Wpy (18)
Where wy,, is wind active component
P
Wpw = 3—& (19)

The reference reactive current component is computed using a Pl
controller as,

Wgs = Wqv — Wqt (20)
Where wg, (1) is
qu(r) = qu(r - 1) + kpv{ve(r)ve(r - 1)} + kivve(r) (21)
Where V,(r) is

Ve (I') = Vtr(r) - Vt(r) (22)
The fundamental reference active and reactive power components
of the input currents are computed as,

i;pa = WpsUpa , i;pb = WpsUpb » i;pc = WpsUpc (23)

i;qa = quuqa ’ i;qb = quuqb ’ i’sﬂqc = quuqc (24)

isa = i;pa + i;qa Jigp = i;pb + iysﬁqb 'E;c :* i;pi + i;qc (25)
These above reference input currents (i g, i s, | i) cOmpared with
existed input currents (isa, isp, Isc ) t0 generate PWM pulses for
switching of VSC.
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Fig. 2 Schematic diagram of BPFF control Technique.

B. Maximum Power Point Tracking (MPPT) Scheme
For getting maximum power from the obtained wind power
MPPT controller is used in the boost converter. For getting
maximum power dPy/dV, =0.Where P, is output power & V is
output voltage of diode bridge. Other representation For MPPT is
represented as, Z= (Id/Vd+Ald/AVd) is zero. Whenever there is any
change in parameter there are two cases.
e If Z becomes negative, duty cycle increases to maintain the
MPPT.
e If Z becomes positive, duty cycle decreases to maintain the
MPPT.

Il. FUZZY LOGIC CONTROLLER
Fuzzy Logic Controller (using the Mamdani Fuzzy Model)
requires:
1. The choice of proper inputs and their fuzzification.
2. The meaning of the information and output enrollment
capacities.
3. The meaning of the Fuzzy Rule Base.
4. The deffuzification of the output got after the handling of
the semantic variables with the assistance of an appropriate
deffuzification method.
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Fig. 3 Fuzzy logic strategy system

FLC controller is shown in Fig. 3 and it has Fuzzifier, Inference,
Knowledge base and Defuzzifier. FLC has a five membership
functions for the error, change in error and the output. The basic
fuzzy sets of membership functions for the variables are as shown
in the Fig. 4 to 6. The fuzzy variables are expressed by linguistic
variables they are positive large (PB), positive small (PS), zero
(ZE), negative small (NS), negative large (NB), for all three
variables. The rules ae set based upon the knowledge of the system
and the working of the system. The rule base adjusts the duty cycle
for the PWM of the inverter according to the changes in the input of
the FLC. The number of rules can be set as desired. The numbers of
rules are 25 for the five membership functions of the error and the
change in error (inputs of the FLC) shown below.

Tablel: Rule for FLC

e/Ae | ZE NS PS NB PB
ZE ZE PS NS PB NB
NS ZE PS ZE PB NS
PS ZE ZE NS PS NB
NB PS PS ZE ZE NS
B NS ZE NS PS ZE

g &=

# i

Fig. 5 Me-mbersh_ip functions for changé in error

N8 NS i PS i

Fig. 6 Membérship functions for ouiput.

IV. SIMULATION RESULTS

Wind-diesel micro grid model is developed in MATLAB with
the ratings of 3.7 kW, 50 Hz, 230 V. simulation results are shown in
following figures for effect of wind variation on non linear loads,
intermediate signals and dynamic performance of microgrid during
load unbalancing.

A. MPPT Performance and Effect of Wind Variation on
Nonlinear loads

MPPT performance with INC approach of the boost converter
is shown in Fig. 7 to 9. When wind speed (V,, m/s) increases from 9
m/s to 11 m/s, accordingly PMBLDCG output also increases shown
in the Fig. 7 in terms of ipveLpcs. This increase in power also
increases the output current (1o) and output power (Po) of the boost
converter shown in Fig. 9. The DC link voltage is maintained
constant at 400V by the battery bank shown in Fig. 8.
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Fig. 7 Wind speed and Current of PMBLDC.
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Fig. 8 Output voltage V.and Output current I, of boost converter.
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Fig. 9 Output power P, of boost converter.

B. Intermediate Signals of Microgrid at Nonlinear Loads

For getting analysis of intermediate signals of the micro grid
control under load unbalancing reference time t=3s is taken.
Intermediate signals are varied according to load variation at t=3s is
shown in the Fig. 10 to 12.
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Fig. 10 Load currents variation during load unbalancing.

The intermediate signals I, (aggregation function of input
layer for active power component of load current), 1, (aggregation
function for active component of hidden layer), lq, (aggregation
function for reactive component of hidden layer), X, (active
component of output of input layer neuron), and Xg, (reactive
component of output of input layer neuron), Active and reactive
power components of load currents (W, Wqpi), average active and
reactive power components of load currents (W, W), weighted
value of output of PI controller to regulate terminal voltage (wg,) ,
active and reactive power components of reference input currents
(Wps,Wgs) are change their values according to the control
requirement. With load variation (i ,) at t=3s, the PCC voltages
(Vsane) @and source currents are maintained sinusoidal. The reference
currents (i sac) are sinusoidal throughout the change.
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Fig. 11 Intermediate signals of micro grid under nonlinear load.
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Fig. 12 Intermediate signals of micro grid under nonlinear load.

C. Dynamic Performance of Microgrod under Nonlinear Loads

Dynamic conditions are analyzed by removing the load at t=3s
and the balanced load is connected at t=3.1s. When i_,=0, other two
currents i, and i ¢ are in unbalanced condition shown in Fig. 13.
Compensating currents (lcs, len, lec) are changed according to the
requirement of reactive power compensation to maintain the
terminal voltage (\Vt) near the reference value shown in the Fig. 13.
When load is low DG supplies the load as per the requirement,
remaining energy is stored in BS in terms of charging current Iy,
with constant I, from WECS shown in the Fig.14.
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Fig. 13 Dynamic performance of micro grid under nonlinear load.
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Fig. 14 Dynamic performance of micro grid under nonlinear load

Steady state analysis of algorithm in terms of line voltage Vg,
input current ig, and load current is shown in the Fig. 15 to 17.
Results shows the performance of algorithm as the input currents
and line voltages are under the distortion limit of 5% and load
currents are distorted above 5%.
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Fig. 15 FFT analysis of line voltage (Vea)
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Fig. 16 FFT analysis of input current (i)
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Fig. 17 FFT analysis of load current (i)

Table2: THD analysis of two controllers

The above analysis shows that THD values of source current,
source voltage and load voltage are improved with the FLC in
BPFF when compared to the PI controller in BPFF and peak values
of fundamental component are decreased.

V. CONCLUSION

Micro grid with BPFF (using fuzzy logic controller) model is
simulated in the Matlab. The main issues are harmonics reducing,
load leveling, voltage regulation are improved with this model.
With INC approach in MPPT controller extracted maximum power
and feeds to the loads. Whenever high load and low wind occurs at
a time DG and battery take care of those loads effectively with this
BPFF scheme.
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