/—\ ISSN (Online) : 2319 - 8753
*@ ISSN (Print) :2347-6710
IJIRSET
International Journal of Innovative Research in Science, Engineering and Technology
An ISO 3297: 2007 Certified Organization, Volume 4, Special Issue 4, April 2015
National Conference on Trends in Automotive Parts Systems and Applications (TAPSA-2015)
On 20" & 21 March
Organized by

Sri Krishna College of Engineering & Technology, Kuniamuthur, Coimbatore-641008, Tamilnadu, India

An Adaptive Incremental Resistance MPPT
Controller for PV System under Partial
Shading Condition

J. Maya !, R. Geethamani?
PG scholar, Department of Electrical and Electronics, Sri Krishna College of Engineering and Technology,
Coimbatore, Tamilnadu, India®
Assistant Professor, Department of Electrical and Electronics, Sri Krishna College of Engineering and Technology,

Coimbatore, Tamilnadu, India?

ABSTRACT: A Variable step sizelncremental resistance algorithm for PV system was designed formaximum power
point tracking. The outputs are generated with help of MATLAB/SIMLUNK. The performance of the PV system for
partial shading condition was observed. The output for the system was found to be more efficient and attains stability
much faster than any other controller. The power output can be controlled by varying the scaling factor.
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I. INTRODUCTION

The present energy scenario has made the world focus more in renewable sources to reduce energy crisis. Many
researches is being going on to develop technologies to concentrate more on renewable energy sources rather than the
conventional one. In Early days PV system was used only to charge the nominal batteries and to power up very small
loads. With more advancement in power electronics engineering the application of PV started to increase. Photo voltaic
system is considered having more potential out of all the renewable energy sources as light energy can be directly
converted to electricity. The whole population can be powered up for years to come, if all theincoming solar irradiance
can be efficiently utilized with ideal systems. The efficiency of the system could be improved from 8% to 44% in
practical situation as many researches for decades have made effort in this area. The analysis of PV system were split in
to topics of research as structure of semi-conductor, converter topology, MPPT algorithms, difference in loads and so
on. This made the PV system an elaborate field of study.

The guarantee period of a PV system is generally for about 20-25 years. But as years pass by the performance of PV
panel will not be as mentionedin its data sheet. The factors effecting to its poor performance is the exposure to dust,
atmosphere and other pollutions There are chances of having any plant near the panels been un- noticed while
installation, that might grow in to a big tree resulting in shades. Thus considering not just the system and load, but also
the incoming solar irradiance,the area of MPPT algorithm is being expanded.

Conventionally the Perturb and observe method were mostly implemented, but the oscillation at the MPP reduced its
efficiency [2]. Many works have been made in the field of improving the efficiency of maximum power point tracking.
The incremental conductance method was initially used for PV systems showing non-linear characteristics [8]. Later on
the parameter of observation was changed to improve the dynamics of control to obtain incremental resistance method

[9].
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Now the major focus is on partial shading condition rather than onthe non-uniform irradiance. Due to the generation of
more than one maximum power point from a single panel, the regular algorithms will not provide an efficient working
during partial shaded condition. To find a proper technique to be adopted in these peculiar conditions,Lots of survey is
been made under various design aspects. [6]. An effort is made through this work to analyze the PV system under
partial shaded condition with help of Incremental resistance method.

Il. SYSTEM DESCRIPTION

The PV system isconsidered as a current source system. The characteristics of solar cell mainly depend upon the solar
irradiance and temperature.

‘R;- v

Fig. 1.Equivalent circuit of solar cell

The value of current depend on the incident solar irradiance, hence the characteristic equations involve the temperature
co-efficient terms and also diode characteristics equation.

(L) )

I=1N,—IoN, | e Vevsa  —1 1)

Where, k is the Boltzmann constant (1.38x107%%) and a denotes the diode factor of 1.2.

To improve the performance of solar cell in wide range of temperature a modified lo current equation is formulated [5]

G
IL = Ipvn + kI(T - Tn) a (2)
Isen +k AT
Iy = Voen +I:1,AT ©))
S

Where(T — T,,)) = AT

The current temperature coefficient k,andvoltage temperature coefficient ky are included. G is denoted as the solar
irradiance level at the input. Ipvn is the nominal PV current value obtained from the data sheet.The solar cells are
connected in series to get a module and arrangement of such modules in series and parallel combination is made to get
a panel.
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P-V Characteristics for partial shading
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Fig. 2:P-V characteristicscurve at Partial shading
Under partial shaded condition the P-V characteristics obtained generate more than one power point, making it difficult

to operate in an optimum way as shown in figure 2.  In this paper the analysis is made for a system with partial shaded

condition. The section Il gives a brief description about the proposed system. Section 1V gives the results of the
simulation.

I11. INCREMENTAL RESISTANCE METHOD

The PV system is analyzed with a DC- DC boost converter for a resistive load.

. DC-DC
PV system
Converter

Resistive Load

Fig.3: The Basic block diagram of the system.

The system parameters are chosen by considering many factors as temperature and irradiance.

PV system:

A PV array KC200GT is taken for the analysis at STC with A. M 1.5. The modeling is done with equations 1, 2 and 3
with MATLAB/ SIMULINK

Boost converter:

The system is regulated with a DC-DC boost converter to maximize the obtained output. The boost converter

Table |
PV panel specifications
Parameter Values
lp 7.61A
Vinp 26.3V
P max 200.143 W
loc 8.21 A
Voc 32.9
ky -0.1230 V/K
K 0.0032 A/K
N, 54

specifications can be obtained from the equations.
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Where, D is the duty cycle of the converter. The Capacitor and inductor valuesare calculated accordingly with 30KHz
as switching frequency.

D
™ ere ©)
Vin XD
L= (6)
Table 2
Converter Specifications
Parameter Values
C 500pF
L 5mH
Criter 470uF
Lsiter 3mH
R, 300Q

Incremental Resistance MPPT algorithm:

For maximum power point tracking application, many algorithms have been developed in the recent years. The
conventional and the simplest one is the hill climbing method. But as the field started to expand, the need for better
algorithm increased. The Controllers are included with algorithms to get a better, efficient and stable maximum output.
The basic focus in this paper is on incremental resistance algorithm. The algorithms so far implemented were efficient
for conditions that are standardized. But for varying nature of climate more parameter variations are needed to be taken
in to consideration. Incremental conductance method was introduced for the partial shaded analysis. But it was
implemented only for fixed scaling factor[13].

V=Y V(1)
dI=10 -16-1)

Duty cycle

Vik-1)=V(k)
101 =1(k)

i

Fig 4: Flowchart ofIncremental Resistance method.
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For highly varying irradiance nature the scaling factor also needed to be changed.[14] The signals are changed in to
discrete domain to achieve a varying scaling factor property.

dPpy _ dWWpyxipy) _ dVpy _ .
= = X i v 7
dipy dipy 2ipy PV + Vpy (7
dp v
= T (8)
dipy ipy

Since duty cycle is the required output from the controller to the converter, the error signal is multiplied with the
scaling factor to obtain new duty cycle.
The maximum power point is tracked by checking on to these three conditions.

D(k)=D(k—-1)+Nxle(k)|; e(k)>0

D(k) =Dk —-1); e(k) =0

D(k)=D(k—1)—Nxlek)|; e(k)<O0
It is clear that the scaling factor is an important parameter. With the change in scaling factor the power linearization is
also varied. For simplicity fixed scaling factor of 0.38 is chosen in this paper.

IV. SIMULATION AND RESULTS

The System usesA PV array of KC200GTmodel with 3 module array considering a nominal residential load with help
of MATLAB/SIMULINK. The system is simulated with the adaptive incremental resistance algorithm for partial
shaded condition.

The major advantage of using INR along with boost converter is the ability to achieve a boosted power about 1kW.
The algorithm is also able to tune well during any variation in the weather. From figure 5, the power output obtained
without any controller at partial shading condition can be noted, with 1000w/m?, 800w/m? and 500w/m? irradiance

Fig. 5: Power Output for partial shading without controller.

Shading can be more complicated if due to a permanent reason, the analysis on the occurrence is also important. When
considering fast moving clouds, the irradiance level is continuously varied. The power output then tends to settle in
little lesser point than that of the maximum output, which can be seen as in figure 6. The varying of clouds can be with
high frequency, thus reducing the power generated and limiting it to about 0.7kW.
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Fig. 6: Power output due non uniform irradiance.

The duty cycle output obtained from INR controller is of very high frequency, as in figure 7four pulses are generated
within every millisecond. Thus the switching of converter can be done much faster than any other controller.

Fig.7: Switching pulses from INR controller.

When implementing the incremental resistance method with nominal scaling factor for different irradiance at each
module, a stabilized output is obtained. The scaling factor helps in maintaining a very high output power. The
controller can be used to tune the power output between various peaks and ultimately finding the global maxima of the
system.

Fig.8: Power output due to partial shaded modules.
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From figure 8 it can be noted that the power output reaches a value of 0.5kW during the partially shaded condition of
modules. Without the controller the power output will be the power output of the single module, with the INR MPPT
controller the output is maintained the next highest possible value of the whole system capacity. Here the power
variation is linear and with less transients.

V. CONCLUSION

Renewable energy resources are under microscopes in present scenario hoping to tap as much power as possible from
every unit of its availability. Out of all sources, Photovoltaicsystem requires less stages of conversion making it much
more reliable. Maximum power point tracking algorithms are used to improve system efficiency.From the developed
algorithms proper choice of method is necessary to obtain the required outcome.

For partial shading condition a novel approach with incremental resistance algorithm is established. The analysis of the
algorithm for various modes of shade is considered. In all modes INR method could generate a stabilized output with
least transients. The power output can be boosted to very high value without disturbing the design aspect of the system.
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