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ABSTRACT

Today everyone is aiming at a reduction in greenhouse gas emisSions, the requirements for adding new
generation capacity can no longer be met by traditional power generationymethods of burning the primary
fossil fuels such as coal, oil, natural gas, etc. This is whyadistributed generators (DG) have /significant
opportunity in the evolving power system network. Thisfpaper concentrates on power,quality improvement in
the utility grid connected system using Fuzzy Logi€ controller, The,unbalance in the system is compensated
using compensating device such as D-statcom, Jhe problem in the singleiphase system cause due to Non-Linear
loads and un-balanced loads and due to source like PVi(Photog/eltaic cells ) and EC(Fuel Cells). In this the D-
statcom only supplies reactive power4and no, real power. In the another Scheme a large 3phase converter
controlled DG is placed that only supplies reactive power, andfuzzy, logic gontroller is used for controlling of

dc Voltage The effectiveness offcontrollers has be tested using Matlab/Simulink software.
Keywords: Micro Grid, Fuzzy, D-Statcom, Power Quality, Harmonics.

I. INTRODUCTION

Nowadays, sthe utilisation of renewable energy sources (RES) for matching the increasing electric energy
demand is‘determined by environmental concerns, economic and social. Nowadays the RES can efficiently
improve the micro petential utilisatien Wwhereas in the past decades the hydroelectric power plants larger than 10
MW were of interest. Their development will lead to an increase in the green energy percentage and to control
pollution. Meanwhile, “the actlial structure of the electric energy distribution networks begins to suffer
modifications related to the interconnection of distributed generation units (DG) based on RES [1]. System
stability decline in its terminal zones, the wearing out of the actual control and measurement equipments, the
predominant unidirectional energy flow are the drawbacks of the classical energy production and distribution
systems. Thus, the DG unit’s development dictates the need for modernizing of the distribution networks. On
the other hand, the integration of those units within the existing networks must be accomplished by ensuring the
power quality of the energy which is produced, the capacity of fast response to the demands and a minimum
perturbing influence on the utility grid. For doing this, the DG units must contain modern measurement,
communication and control equipments, protection, making the transition towards Smart Grids [2]. Another
possible operating situation in islanded mode is the one in which the micro-grid contains only induction

generators [5, 8]. A voltage regulator is necessary besides, the frequency regulator in this case and also a
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reactive power source that must provide the excitation needs, possible control solutions being detailed in [6,8].
This paper presents the fuzzy logic based control of control of single phase micro-sources (DG) in a utility
connected grid. While the DGs supply their maximum generated power, rest of the power demand of each phase
is supplied by the utility and three phase DG connected at the PCC, if any. To overcome this problem, we have
proposed two different schemes. In the first scheme, a distribution static compensator (DSTATCOM) is
connected at the point of common coupling (PCC) to compensate current harmonics and reactive power. . In the
second scheme, a three phase DG, connected at the PCC, in place of the DSTATCOM to share both real and

reactive power with the utility. The DG also compensates the system and makes the PCC voltage balanced.

Il. SYSTEM STRUCTURE

Fig. 1 shows the structure of the system studied in this paper. Rs and ource impedance. The
three single phase DGs and a three phase compensator is connected ide. hree phases DG or
DSTATCOM is also connected through secondary feeders to the PCC.
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I: GRID SYSTEM PARAMETERS

System Quantities Values
Svstems frequency S0H=
Feeder impedance
In=Zn=Zyu=Ess=Ess= Zsg= P47
For= o= Zen 103+j4710
Load ratings
Ld, 42EkW and 3.2 kVAr
Ld: 4.2 kW and 3.2 kVAr
Ld, 84kW and 6. 4 kKVAr
Lds 42kW and 3.2 kVAr
Lds 84 kW and 6.4 KVAr
Lds 84 kW and 6 4 kVAr
Ld: 4.2 kW and 3.2 kVAr
DG ratings (nominal)
DG-1 52EW
DG-2 TIEW
DG-3 30KW
OQutput inductances
La=Lla=Ls=1Ls 75 mH
DGs and VSCs
DC voltages (Fgg to Fag) 0.35kV
Transformer rating 0.350EV/Q350 KV, 025 MVA,
2.5% Ly
VSC losses (R 150
Filter capacilaime (Ca 50 uF
Hysteresis constant (h) 107
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Here power quality can be improved with both of the compensators. It is assumed that all the DG are inertia less
and VSC-interfaced. Ld1 to Ld6 indicated the loads. The secondary feeder impedances are denoted by Z. The
DG output voltages are denoted by Ei<di, i = 1... 3. Each single phase DG is connected to the grid through
external inductors as shown in fig. 1. In order to see the power quality an Induction motor is used as a load in

the Grid side. Table 1 shows the system parameters

I11. CONVERTER STRUCTURE AND CONTROL

In fig2 indicates the single phase converter circuit. Vdc is the dc voltage produced by the ideal DC source to the

VSC. The converter is connected the cascaded form. The cascaded output is con the primary winding of

the transformer. The resistance and capacitor filter and inductor is placed in grder to eliminate the switching

Fig.3 Three Phase Converter Structure For The Compensator
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3.1 Control Of Single-Phase VSCS:

The single-phase VSCs are controlled under closed-loop feedback. Figure 4 shows the equivalent circuit of the
converter. In this, u*Vdc represents the converter output voltage, where u is the switching function that can take
on values +1the converter is operated in such a s way the compensated voltage is developed. From the circuit of

fig. 4, the state space analysis is given as:

x = Ax + Byy, *+ ByVpcc

1)
Where U, is the continuous time control input, based on which the switching function u is determined. The
discrete-time equivalent of (1) is

x(k+1) = Fx(k) + Gy, (k) + Gyvpec (k)

)

vzzz Represents the \oltag liminated assuming it to be a disturbance
input, the input-out] i i i itten in the following two forms

vef(2) _ Mz

us(2) N(Z™%)

i, (2) = Mz(z—i)

uglz) _ N(z™%) 3).4)
The feedback c erters are generated as discussed below. The single phases DGs are
controlled in a sinus rrent Jimiting mode in which the output current is required to produce the maximum

power. Let the Referenc nt for maximum available power be denoted asii. This is then tracked using a
pole placement method té compute .k} from (4) [5].

I11.11. Feedback Control of the Compensator
In the three phase compensator structure shown in Fig. 3, each of the cascaded -bridges are controlled in state

feedback. For this, a state vector can be defined as x7 = [vepizpis]. The state feedback control law is

u (k) = K[x" (k) — x(K)] ()
Where K indicated the feedback gain matrix and x~ is the reference state vector. In this paper, this gain matrix

is obtained using LQR method.
I11.111. Switching Control
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Once the reference signal ( u.(k}) is generated feedback loop the signal is send in the switching circuit
Hysteresis current controller is the technique used to generate the pulses to the compensator. When the

hysteresis loop is on 1 pulse is produced and when it is off O pulse is produced.

Ifu, >hthenu= +1

Elseifu, < —h thenu=-1 (6)

Where h is a small number.

IV. REFERENCE GENERATION

In this session as stated earlier we come across the modes of operation, t re: Current feedback mode and

voltage magnitude ( ¥%,) of the adjacent bus volta

11 = \/Pratedz + Qrated 2/ Vz

B= é‘2 - tan_l(Qrated Pratad)

()

phasor quantities.
IV-11 Three Phase D

the Kirchoff’s current la at the compensator coupling point is given by

Let i =ips k=a,b,c

®)

Since, it is desired that the supplied currents are balanced, we have

iga + igb + i‘gc =0 ©)
Therefore combining (8) and (9) by adding the currents of the all three phases together, we get

ica +: icb 3 2 icc = ila + ilb + ilc

(10)
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Since i  is balanced due to the action of the compensator, the voltage v will also become balanced provided
that the supply voltage is balanced. Hence, the instantaneous real powers F; will be equal to its average

components. Therefore it can be writen as

pa ga +v blgb +vpc gc = PG
(11)
From the KCL of (8), (11) can be written as
vpa(ila - ica) t Vob (ilb = icb) * vpc(ilc - icc) = pG (12)

Similarly the reactive powers Q; and Q¢ will be equal to their instantaneous components. Therefore we can

write

pb P’)]EI T pe w\lﬁ V3XQG

(13)
Using the KCL of (8), (13) can be written as
el el Bl
(14)
Equations (10), (12) and (14) form the basis of the these three, th i n be written
‘-lm i 0
Migl=ARyr | %
Li“ L‘J |3Q5..‘
Where
F | | 2
i I Ty Ve
Y 1
e o (15)
Thm the matmh
“ = lr |7” yT I i”l 't “'a\ |} 27
(16)
If vy is balanced, then ing is true
Vpa T Vb + V5 =0 (17)
Substituting (17) in (16), the determinant of A is given as
A|=-3(vZ, +vi +V5) )

Computing the inverse of the matrix A, the solution of (15) is given as
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by

: = 3E;v§b+wQG(_v;{—vN| |

Ll PRy 306w |
AL 6 3Q¢kpa p:)_, (19)
Now let us stipulate that the utility supplies F; that is A, times the average power F s, supplied to the
distribution system and Qg which is A5 times the average reactive power Qg supplied to the distribution

system. This is given by the following two relations
PG = }“p X pLav

Q¢ =Aq X &av

(20)

V. FUZZY LOGIC CONTROLLER

iy
Sim | FOM
ey Pde

el

Fuzzitication
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= ]
=
Defuzzificarion

Fig.5 Block diagram of proposed control system

5.1 Error Calculation:

The error is calculated from the difference between supply voltage data and the reference voltage data. The

error rate is the rate of change of error.

5.2 Fuzzification:
Fuzzification is an important concept in the fuzzy logic theory. Fuzzification is the process where the crisp
guantities are converted to fuzzy. Thus Fuzzification process may involve assigning membership values for the

given crisp quantities. This unit transforms the non-fuzzy (numeric) input variable measurements into the fuzzy
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set (linguistic) variable that is a clearly defined boundary, without a crisp (answer). In this simulation study, the
error and error rate are defined by linguistic variables such as negative big (NB), negative medium (NM),
negative small (NM), zero (Z), positive small (PS), positive medium (PM) and positive big (PB) characterized

by membership functions given in Fig. 7.

S . . .
"0 - - - - o > - . .- o

Inpur Vartable “lirror Rate™

5.3 Decision Making:

Fuzzy process is realized by Mamdani method.

simple if-then rule is defin then output is Z

Table 11
NS | Z PS |PM | PB

NB | NM | NM | NS | Z

NM | NM | NS | Z PS

NM NS | 2Z PS | PM

NS | Z PS PM | PM
z PS |PM | PM | PB
PS PM |PM | PB | PB

PM |PM |PB |PB | PB

5.4 Defuzzification:

It is the process of converting the controller outputs in linguistic labels represented by fuzzy set to real control
(analog) signals. Defuzzification means the fuzzy to crisp conversions. The fuzzy results generated cannot be
used as such to the applications, hence it is necessary to convert the fuzzy quantities into crisp quantities for
further processing. This can be achieved by using Defuzzification process. Centroid method is used for

Defuzzification in the present studies.

5.5 Signal Processing:
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The outputs of FLC process are the control signals that are used in generation of switching signals of the PWM
inverter by comparing with a carrier signal.

V. SIMULATION STUDIES

Case-1: Without Compensator:

Table | Indicates the total load demand is more than the total maximum generation. Thus the rest of the power
requirement has to be supplied from the utility. Let us assume that the system is operating in without any
deviation in which DG-2 is supplying 3 kW and load Ld1 is not connected. Suddenly at 0.45 s, the power output
of DG-2 raises to 7 kW. Furthermore, at 0.7 s, the load Ld1 gets connected drawing real and reactive power of

4.2 kW and 3.2 kVAr respectively. It can be seen that the maximum power sup

DG- 2 increase, while the
load change has not impact on the maximum power supplied by any of th s. The oscillation in the power
level is due to the unbalance in the three phases. At 0.45 s the utility po e power generation in
in phase b. Fig 7

and Fig 10 represents the

DG-2 is increased, while at 0.7 s the utility supply is increased
represents the active and reactive power and fig8 represents the utility p
utility power and currents and the induction motor torque
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Fig 9: Unbalance utility power and currents
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Fig 10: Induction motor torque and Voltage at PCC

Case-2: DSTATCOM Connected at PCC:

connection. However, the DSTATCOM supplies
unbalance. Fig 11a represents the Pcc currents
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Fig (11b) Compensator current

Fig (11c): active power from utility grid Fig (11d): Induction motor torque

Case-3:

DG-Compensator Connected at PCC While the DSTATCOM can only provide the required reactive power, a
compensator connected with DG can also share the real power burden of the utility. Let us assume that the DG-
compensator supplies 30% of the real and reactive power demand (PL, QL), when it gets connected to the
system at 0.45 s. The system responses are shown in Figs.12 Fig. 12a, 12b shows the three phases current from
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utility and DG compensator. The real and reactive power sharing are shown in Fig. 12c, 12d. While utility

provides balanced real and reactive power, the DG supplies the oscillating component alone in the desired ratio.

The induction motor torque is shown in Fig. 12d.

Fig 12a: PCC Current Fig 12bt Compensator current

Fig 12c: Active power from Grid Fig12c:Reactive power from Grid

Fig 12d: Torque

Case 4: Nonlinear Loads:

In order to know whether’DG is efficiently or not further a nonlinear loads are added to the linear loads Ld1,

Ld4 and Ld5. It is assumed that the power consumed by these nonlinear loads is 20% of their linear

counterparts. The results are shown in Fig. 13 where is DG-compensator is connected at 0.45 s. It can be seen

from Fig. 13 (a) that the utility currents get balanced as soon as the DG-compensator is connected. The

induction motor torque pulsation also ceases due to the DG-compensator connection as can be seen from Fig. 13

(b). The total harmonic distortion (THD) has been computed for this case. The THD of the grid voltage is about

10 % and the negative and zero sequence components are around 5 % of the positive sequence component

before DG-compensation connection. These are then reduced such that the THD becomes less than 0.5 %,

whereas, negative and zero sequence components of the voltages remain below 0.02 % once the DG

compensator is connected.
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Fig 13a: Torque Fig 13b: PCC Voltage
V1. CONCLUSIONS
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