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Abstract- In most of the situations, power electronics converters
are mainly used as an interfacing device between distributed
generation (DG) system and utility grid in order to meet the
following objectives: 1) grid synchronization 2) active and reactive
power control through voltage and frequency control 3)
improvement of power quality (i.e. harmonic elimination) etc. But
due to wide variation of the reactive power in the consumers-end,
the voltage at the point of common coupling (PCC) is usually
affected. In this paper adaptive hysteresis current controller is
proposed for inverter-interfaced grid connected system in order
to meet the active and reactive power demand during load
variations and both can be controlled independently. The
proposed controller reduces the current harmonic at PCC
considerably. It observes that the adaptive hysteresis current
controller can provide the low switching frequency of operation of
inverter switches irrespective of load variations and it ensures
lower total harmonic distortion (THD). The studied system is
modeled and simulated in the MATLAB Simulink environment.

Keywords—Adaptive hysteresis current controller, Point of
common coupling (PCC), distributed generation (DG), Reactive
power control .

NOMENCLATURE

three phase grid current
d and q axis current

Lo by 1
gy Lig

w angular frequency

0 transformation angle

VeV,  d-q component of PCC voltage
Py reference value of active power
Ve dc-link voltage

V. Vi Ve grid voltage per phase

fe modulation frequency

L line inductance

Ve voltage at PCC

. INTRODUCTION

In recent years, the increase of energy demand and the
problems of fossil-fuel sources due to their environmental
pollution and future shortages, have led to the development of
technologies needed to use non pollution alternative energy
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sources such as photovoltaic and wind sources (consuming
renewable energy) and fuel cells etc.

For past couple of decades high development of the power
electronics has made the energy produced by the above
alternative sources can easily accessible at the consumer
premises and available at affordable cost. Moreover, it allows
the spreading of the distributed generation (DG) system
consisting in the use of a great number of small and medium
generation systems connected to the distribution grid to feed a
dedicated consumer or to be support of the grid itself [1].

In the most of literatures three-phase pwm voltage source
inverters have been used in high performance ac motor drives,
active filters, high power factor ac/dc converters,
uninterruptible power supply (UPS) systems etc [2]-[5].In all
the above applications the control structures comprising an
internal current control loop and it decides the performance of
the converter system. In the current scenario, current regulated
pwm voltage source inverters are greatly employed in grid
connected DG systems in order to control the active and
reactive power independently, power quality improvement and
to improve the load dynamics etc [6]. They serve as an
interfacing media between DG source and utility end.

As the PWM VSI is used as an interfacing device between
DG and distribution networks, the command signal for the
VSI, which is basically a current signal, will include the
information of the active power, which is produced by DG
system and reactive power, which will be injected in to the
system through VSI in order to control the voltage at the PCC
or the load reactive power [7].

Basically grid—connected VSI wuses hysteresis current
controller in the inner feedback loop for improving the
dynamic performance of the system along with easy of
implementation. But in the HCC based PWM VSI the interval
between two consecutive switching actions varies constantly
within a power frequency cycle. It means that the switching
frequency is not constant but varies in time with operation
point and conditions. In principle increasing inverter operation
frequency helps to get a better compensating waveform.
However there are device limitations and increasing the
switching frequency cause increasing switching losses, audible
noise and EMF related problems. The range of frequencies
used is based on a compromise between these two different



factors. In this paper, the control of switching frequency is
realized by introducing an adaptive hysteresis band current
control algorithm. Adaptive hysteresis current controller
changes the hysteresis bandwidth as a function of reference
compensator current variation to optimize switching frequency
and THD at PCC [8]. In addition, independent control of active
and reactive power has been realized during load variations by
the proposed controller with good dynamic response.

The paper is organized as follows — current control
strategies in grid connected system are given in section II.
Analysis of adaptive hysteresis band current control in section
I11. Section 1V dedicated to results and discussion, followed by
conclusion in section V.

II.  CURRENT CONTROL STRATEGIES IN GRID CONNECTED VSI

SYSTEM

A current controlled VSI is generally used to
synchronize the utility grid with the distributed generation as
shown in Fig.l. With advances in modern power
semiconductor technology fast switching devices such as
IGBT’s and IGCT’s are widely used as switches in inverter
circuits. The control loop comprises adaptive Hysteresis
current controller in the inner loop followed by variable
Hysteresis band. The band can be adjusted according to the
load current variation in order to maintain the switching
frequency of the inverter switch constant. The converter
manages the amount of I, injected to the PCC bus. The
load current, I is converted from the three phase coordinates
to the synchronously rotating frame by using equation (1),
where 0 is the instantaneous angle of the PCC voltage vector,
obtained from phase locked loop (PLL) circuit.
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Fig.1.Block diagram for proposed current control of three-phase grid-
connected VSI

A.  Reference supply currents computation
Before analyzing the adaptive hysteresis band current
controller we have to calculate the reference current from there
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phase load current by parks’ transformation method. The three
phase load currents shown in Fig.1 have already been
transformed to the synchronous reference frame (a-b-¢ to d-q-0
transformation).

iy cos(ax) cos(et—(2z/3))  cos(ax+(27/3))
i, =\E sin(wt) —sin(ext —(27/3)) —sin(ewt + 27/ 3))
o i i 71
V2 V2 V2
lf,a

Xl i,

e (1)
The adjustment of the dg-transformation is so that the
voltage at the PCC has no g-axis component. A PI regulator
controls the angular frequency by (2). Then the transformation

angle can be determined by (2).

o=k v, +k"" [(v,xdt)
0= I(wxdt)

2
3)

It is assumed that there is no path for the zero sequence
components, therefore i, in (1) and v, in Fig.2 can be ignored.

However, these variables have been considered in the
formulation to present the general case.
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Fig.2.Block diagram of PLL

The resultant g-component is responsible for the
reactive power flow through the utility network. To
compensate the reactive component the quadrature component
(i-e., igrer) of the reference current of VSI, Iywerer, €qual to the
quadrature component (i.e., i) of the load current (I gaq).

The generated active power of DG is expressed by the
P=v,xi,+v, xi,

“)
Where vq and v, are the dq components of the PCC voltage
(Vpce) in the synchronously rotating frame, respectively and iy
and i, are the dq component of the three phase DG current,
Linverer- AS mentioned before, we have:

Vi = Voo & vV, = 0

(&)
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Hence
P
l,=— (6)
VP(?(T

Selecting the reference active power of DG as the command
signal given of the utility the equation (6) can be rewritten, as
follows:

})re'
1, == %)

re

! Vice
Where ig.r is the direct component of the reference current of
the VSI, Ijverers- This component is also responsible for the
losses in both the converter and the capacitor. Finally, applying
inverse dq transformation rotating at the supply frequency ® by
the equation (8), the three-phase VSI reference currents are

determined from the d-q reference components [9].
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III. ANALYSIS OF ADAPTIVE HYSTERESIS CURRENT
CONTROLLER

The hysteresis band current control technique has
proven to be most suitable for all the applications of current
controlled voltage source inverters. The hysteresis band
current control is characterized by unconditioned stability, very
fast response, and good accuracy. On the other hand, the basic
hysteresis technique exhibits also several undesirable features;
such as uneven switching frequency that causes acoustic noise
and difficulty in designing input filters. The conventional
hysteresis band current control scheme used for the control of
grid connected line current is already discussed. This is
composed of a hysteresis around the reference line current. By
notice equation (9) the reference line current of the grid
connected inverter is referred to as i.r , measured line current
of the grid connected inverter is referred to as i and difference
between i and i, is referred to as 8. The hysteresis band
current controller assigns the switching pattern of grid
connected inverter.

The switching logic is formulated as follows:

If  >HB upper switch is OFF and lower switch is ON
(54:1, S]ZO).

If 6 <-HB upper switch is ON and lower switch is OFF
(54:0, S]ZI).

The switching logic for phases B and C is similarly, using
corresponding reference and measured currents and hysteresis
bandwidth (HB).

In case of hysteresis band current control the rate of
change of the line current vary the switching frequency,

therefore the switching frequency does not remain constant
throughout the switching operation, but varies along with the
current waveform. Furthermore, the line inductance value of
the grid connected inverter and the dc link voltage are the main
parameters determining the rate of change of grid connected
inverter line currents.

The bandwidth of the hysteresis current controller
determines the allowable current shaping error. By changing
the bandwidth the user can control the average switching
frequency of the grid connected inverter and evaluate the
performance for different values of hysteresis bandwidth. In
principle, increasing the inverter operating frequency helps to
get a better current waveform. However, there are device
limitations and increasing the switching frequency causes
increased switching losses, and EMI related problems. The
range of switching frequencies used is based on a compromise
between these factors. However, the current control with a
fixed hysteresis band has its own disadvantage as discussed
above [10]-[11].

Fig.3. shows the PWM current and voltage

waveforms for phase a. The currents i, tends to cross the lower
hysteresis band at point 1, where S; is switched on.
The linearly rising current (i, ") then touches the upper band at
point P, where is S4 switched on. The following equations can
be written in the respective switching intervals t; and t, from
Fig.3.

Fig.3. Current and voltage wave with hysteresis band current control

di' =%(O.5VDC -V,) (10)
di =—%(O.5VD(T +7,) (1
From fig.3

j * di
di, t,——2Lt =2HB (12)
di dt
di~  di,,

ay ——"t =-2HB 13
e > dr (1



q+5:2:l—

c
where t; and t, are the respective switching intervals and f; is
the switching frequency.
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Adding equation (12) and (13) and substituting in equation
(14) we can write

di” di 1 di,,
[+ l,—— = (15)
d ' di O f dt
Subtracting equation (13) from (14)
di di di,,.c
y 1—?5 —(t,—t,)—=-=4HB (16)
Substituting equation (11) in (16)
di,' di,,.
L +t,)———(t,—-t,)——=4HB 17
(1 2)a’t (s 2)dt 4
Substituting equation (11) in equation (15) and solving
(1, ~1y) =t L& (18)
L f(di) )
Substituting equation (18) in (17)
2 2
g2 012V | | 4L2 Voo )
JfL Voe"\L

where f, is modulation frequency, m = di, s /dt is the slope of
command current wave. Hysteresis band (HB) can be
modulated at different points of fundamental frequency cycle
to control the switching pattern of the inverter. For
symmetrical operation of all three phases, it is expected that
the hysteresis bandwidth (HB) profiles HB,, HB;, and HB,
will be same, but have phase difference.

A
5

Fig.4.The adaptive hysteresis band width calculation block diagram
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The adaptive hysteresis band current controller
changes the hysteresis bandwidth according to instantaneous
current variation ( dig.¢/dt ) and Vg voltage to minimize the
influence of current distortion on modulated waveform.
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Fig. 5.Variable Hysteresis band current controller

IV. RESULTS & DISCUSSION

The section reveals the simulation results for
proposed current control algorithm applied to three-phase
mains connected inverter system. The studied model has been
developed and simulated in the MATLAB/simulink
environment. For simulation, following parameters has been
considered and are given in the table.1.

Table-1: Parameters for Simulation

Parameter Value
Vie 600V
Switching frequency 12KHz
Pt 4000W
Grid voltage(L-L) 400V
Grid Frequency 50 Hz

The waveforms of three-phase load currents and grid
currents are shown in fig.6 & fig.7 respectively. During steady
state conditions load current maintains at 5.5 amps and grid
current maintains at 11 amps till 0.08 sec. At 0.08 seconds load
current increases to 12 amps till 0.14 sec. In the mean while
grid currents also increases to 15 amps. During this condition
the voltage at the PCC would be affected. But the action has
been taken by the adaptive hysteresis current controller and it
regulates the voltage by providing reactive power demand
through VSI. The corresponding grid voltage waveform is
shown in fig.8. The combined three-phase grid currents and
load currents are shown in fig, 9. The fig 10 shows that the VSI
succeeded in tracking and compensating the reactive power of
the load with fast dynamic response from 0.08 sec to 0.146
sec.The amount of reactive power supplied by VSI is nearly 4
kVAR and it tracks the steady state with in 0.1 sec. The
corresponding response of three-phase active power is shown
in fig.11 which maintains at almost 4 kW. But there is a
transient at t=0.08sec and t=0.14 sec due to switching action of
the breaker as the reactive power increases between these



periods. So proposed controller controls the active and reactive
power independently and it regulates the voltage at PCC during

2010 International Conference on Industrial Electronics, Control and Robotics

variable load conditions.
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Fig.6. Three-phase load-current waveforms during load variations
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Fig.7.Three-phase grid-current wavetforms during load variations
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Fig.8.Three-phase grid-voltage waveforms
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Fig.9.Three-phase load-current and grid current waveforms during load
variations
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Fig.10. Response of reactive power demand during load variations
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Fig.12 shows the quadrature component of the reference
current under variable load conditions with changes of the load

reactive power.
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Fig.13. Response of DC-link voltage
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Fig.17. Current error by adaptive Hysteresis controller
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Fig.14 shows the variation of hysteresis band & in fig.15 the
variation of switching frequency is shown .The change in
switching frequency occur during the period when load
changes. The THD of grid current is depicted by fig.16 and it
maintains at par with IEEE standard. The corresponding
current error is shown in fig.17 and it almost zero, in that way

adaptive current controllers improves the dynamic response of
system during load variations.

V.CONCLUSIONS

This paper described the dynamic performance of
adaptive hysteresis current controller for grid connected
inverter system during load variations. The study includes
independent control of active and reactive power of the utility
end, harmonic current reduction via current error minimization
and lesser THD at the PCC. From the study we observed that,
adaptive hysteresis current controller can enable to reduce the
current error at load terminal, thus in turn it reduces the THD
of load current and it provides nearly constant switching
frequency of operation by adjusting its hysteresis-band. In
addition, we also observed that the voltage profile at PCC can
be maintained constant irrespective of the variation of the
reactive power consumption and it reduces the EMI effects,
which are the important requirements of the distribution system
to satisfy the sensitive loads like medical equipments etc.
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