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Abstract: Firstly, this paper introduces the operational principle and performance characteristic of photo-
voltaic cells, and describes the equivalent circuit and mathematical model. Secondly, this paper introduces
several traditional MPPT control algorithms. Based on the maximum power of the fast track process and
stability, an improved intermittent scan method is designed to implement the maximum power output in the
photovoltaic grid-connection generation system and improve system performance and maximum power
point tracking speed. Finally, this dissertation analyses the targets of grid-connected inverter control and

studies the control strategies.
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1 Introduction

With the situation of energy resource crisis and the problem of
circumstance pollution become more and more sever-
ity,exploitation and utilization the clean and regeneration en-
ergy resource is imperative.Solar energy is one of the most
clean,practical and large scale regeneration energy re-
sources.The whole world focuses on the use of Photovoltaic
(PV).The PV grid-connected system will be the main utiliza-
tion of solar energy - so it will be developed rapidly. Further-
more,with the development of high-performance Digital Signal
Processor (DSP)chip > it is possible that some most advanced
control strategies can be used to the PV grid-connected sys-
tem.Under this background > the dissertation deeply researches
the PV grid-connected inverter.It has significance to research
on the PV grid-connected system.

2 The operational principle and perform-
ance characteristic of photovoltaic cells

The operational principle of photovoltaic cells bases on the
photovoltaic effect of semiconductor PN junction. The
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so-called photovoltaic effect, that is, when the object is irradi-
ated by light, electromotive force and electric current will gen-
erated with the changes of charge distribution in the ob-
ject.When sunlight or other light irradiates semiconductor PN
junction, the voltage which was commonly known as photo-
voltaic voltage will be generated between the two sides of the
PN junction, so that the short-circuit current will be generated
when the PN junction in short circuit. The phenomenon is
well-known photovoltaic effect.

2.1.Equivalent Circuit and Mathematical Model
of photovoltaic cells

In order to describe the working status of the cells, an equiva-
lent circuit offen is used to simulate the cells and load systems.
The equivalent circuit of solar cells is shown in Fig.1, where
L, represents photocurrent, I4 denotes the current through diode,
Ry, is parallel resistance, R represents series resistance,l repre-
sents load current,and V denotes load voltage.

From the equivalent circuit of solar cells, the voltammetric
(I-V) equation can be obtained, which is:
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Figure 1. equivalent circuit of solar cells

Where L, represents photocurrent, Iy denotes diode reversal
saturation current (typically for photovoltaic cells, its order of
magnitude as 10~ A),q is electronic charge which is
1.6x107",V represents output voltage, o denotes ideality
factor of P-N junction which values 2.8 when the temperature
T = 300K,K is the Boltzmann constant which as
1.38x10#J/K , T is absolute temperature, Rqrepresents series
resistance which is lower resistance, less than 1,and Ry, is par-
allel resistance which is high resistance, on the magnitude of
KQ.

2.2.The I-V output characteristics of solar cells

The I-V characteristics of solar array is one of the most
important technical data in system analysis. Fig.2 shows that it
has a strong non-linear nature.The relation of the maximum
power and voltage, current can be shown from the graph.
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Figure 2. the I-Vcharacteristic of the solar arrays

Where short-circuit current I, represents the maximum output
current at a given temperature and sunshine, open circuit volt-
age V, represents the maximum output voltage at a given
temperature and sunshine, I, represents the current of the
maximum power point at a given temperature and sunshine,
V., represents the voltage of the maximum power point at a
given temperature and sunshine, P, represents the possible
maxmum output power from the solar array at a given tem-
perature and sunshine. The maxmum power in the maxmum
power point is :

Pm :Imvm (2)
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3 The principle of maximum power point
tracking

In the solar photovoltaic system, solar cell is the most basic
segment, it need to improve the conversion efficiency of solar
cells to improve the efficiency of the whole system, so that
output power will be the maximum power. However, the -V
characteristics of solar cells has non-linear character, and it
changes with the change of external environment (temperature,
sunlight intensity), so that it’s not easy to control. But, there
must be a maximum power point at a particular temperature or
sunlight intensity.It is shown from Fig.2 which is the
I-Vcharacteristic of the solar arrays. Therefore, maximum
power point tracking(MPPT) research is essential. The the
process of Maximum power point tracking(MPPT) is essen-
tially a self-optimizing process, that is, it controls the maxi-
mum output power by controlling the solar battery terminal
voltage. Fig.3 shows the characteristics of the output power of
the solar array. From the chart, we can see that, when solar
cells works on the left side of the maximum power point volt-
age, its output power will increase with the increase of battery
terminal voltage, when the solar cells works on the right side
of the maximum power point voltage, its output power will
decrease with the rise of battery terminal voltage. In addition,
the maximum power point tracking (MPPT) control also can
determine which work area it is running according to the solar
voltage , current values and power values which are collected
first, then control of tracking will be implemented according to
different work orders within the different work area. But it
must pay attention to the affect of sunlight intensity and envi-
ronment on solar array open circuit voltage and short circuit
current.
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Fig.3. the characteristics of the output power of solar array

3.1. Constant Voltage Tracking(CVT)

By analysis of the characteristics of the output power of
solar array with the different sunlight intensity,it can be seen
that, the maximum power points almost distribute on both
sides of a vertical line when the sunlight intensity is high.
Therefore, the maximum output power of photovoltaic cells
could be considered to be put out when the voltage is a point
for a constant voltage, which greatly simplifies the MPPT con-
trol system design. Thus, it comprise a type of MPPT control
by constant voltage tracking(CVT) method. In this way, we
just need to get the maxmum output voltage value from the
manufacturers and then put the output voltage at the maximum
output voltage . This method is simple to control the tracking,
easy to be implemented, higher reliability, but poor control
accuracy especially for the areas where temperature changes
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greatly between the day and night and in seasons. In addition,
this approach ignores the affect of the temperature on the open
circuit voltage of photovoltaic cells, lacks accuracy.

3.2 Increamental Conductance Algorithm (ICA)

Incremental conductance algorithm is also one com-
monly method used to MPPT control. Through the out-
put power of solar array, it can conclue out that the slope
at the the maxmum power point Py, is zero,so there is
that:

P, =VI 3)
LR “)
av o dv

a_1 (5)

v Vv

Equation(5) is the constraint for the maximum
power point, that is, when the variable quantity of the
output conductance is equal to the negative of the output
conductance, the solar array works on the maximum
power point. If they are not equal, it need to determine
dP/dV is more than zero or less than zero.

The greatest advantage of this tracking method is
that, its output voltage can follow the changes in a
smooth manner when the solar intensity has changed,
and its voltage fluctuation is less than perturb and ob-
serve method, but its algorithm is more complicated and
it takes considerable time to perform A/D conversion in
tracking process, which the will cause considerable dif-
ficulties on the control with microprocessor.

3.3. Intermittent Scan Method

This approach is based on the constant voltage tracking (CTV)
method, just replace the V, value from the company office
with a value obtained by regular scan. The concept ot this
method is that,we scan the solar array voltage in regular,and
record the current value according to the different voltage at
the same time,and then easily find out the maximum power
point by comparison of output power on different points of the
solar array, without the searching all the time.

This intermittent scan method need only milliseconds
(5-10ms)to determine, while the time of the regular scan could
extend to second grade. We should calculat the maximum
power and the mathching voltage V,,, with a specific light in-
tensity and temperature by scanning and control the output of
the Pulse Width Modulation(PWM), so that we can make the
system work on the point according to the V,, . This approach
generally does not cause swing.

4 MPPT of the photovoltaic
grid-connnected inverter

To find out the best MPPT control method, we should
not only compare the advantages and disadvantages of
each method, but also select the optimal algorithm of the
topology and load characteristics of the photovoltaic
system according to the actual applications. We assume
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that the system uses two grid-connected inverter, MPPT
is implemented at the first stage of transformation, and
the control of connecting grid and other controls are im-
plemented at the second stage of transformation, so that
we reduce the complexity of controls and increase the
accuracy of each stage control.

4.1 Targets of Photovoltaic Grid-connected
inverter control

Photovoltaic system is a device which transforms direct current
(DC) from the solar panels into alternating current(AC) and
then supply power to the power system. It is actually an active
inverter system. The target of the photovoltaic grid-connected
control is that: control the output alternating current from the
inverter to be the stable, high-quality sine wave and the AC
must be the same frequency, phase with the net voltage.
Therefore, we chose grid-connected inverter output current to
be the amount charged . The equivalent circuit of the voltage
and current under grid-connected is shown in Fig.6 and the
vector graph of voltage and current under grid-connected is
shown in Fig.7. In the figure, V, represents AC voltage in the
inverter circuit, and V. denotes the net voltage. Because of
the output filter inductor L in the grid-connected inverter, there
will be phase difference between the AC voltage in the invert-
ing circuit and the grid voltage, that is, in order to meet the
relation on the phase between the output current and grid volt-
age, the inverter output voltage will lag behind the grid volt-
age.
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Fig.5. the vector graph of voltage and current under grid-connected

In the photovoltaic grid-connected generation system,
grid-connected inverter should work in the active inverting
state and its power factor should be 1 in order to avoid pollut-
ing the grid. When the grid voltage V. is certained, if regulate
the Vi along the ab direction, we can see the inductance volt-
age vector Vi lag 90°behind the grid voltage vector V., and
the output current I lead 90°before the inductance voltage vec-
tor Vi, so that the output current I and grid voltage V, are in
the same phase.The grid-connected output without pollution is
implemented.
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4.2 Control Strategies of Photovoltaic
Grid-connected Inverter

Photovoltaic grid-connected inverter control part is the key
point of the inverter design, and using the advanced control
technology is essential key technique to improving the inverter
performance. As the high frequency of power electronic de-
vices and the increase of the computing speed of the micro-
processor, especially with the emerge of high-performance
digital signal processor (DSP), it is possible to use advanced
control strategies into the photovoltaic grid-connected control.
At present,the program widely used in the photovoltaic

grid-connected generation system is that:firstly,transform the
solar energy into electric energy form;secondly,adjust the elec-
tric energy into DC voltage which meets the requirements of
full-bridge SPWM inverter;finally,convert solar energy back to
the AC power system though the full-bridge SPWM inverter.
The leading section in the whole system is the inverter,in
which we use the SPWM inverting technology. In order to
reduce the grid-connected devices’impacts in the grid-con-
nected operating, the network inverter should meet the follow-
ing conditions according to qualifications of granted cycle
parallelling of the power system:

e Inverter output voltage should be about equal to the

grid voltage, and the general error should be within 10%;

e Inverter output frequency should be close to the grid

frequency, and the general frequency error should be no

more than 0.4Hz;

e Inverter output voltage and grid voltage should be the

same phase, and the general phase error should be no

more than 10 degrees.

Therefore, the control system need to accomplish the fol-

lowing tasks:
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e Collect analogues such as DC,AC voltage and current
used to monitor and control;

e Provide the SPWM signals whose pulse width and
frequency can be changed from time to time to the
power device driver;

e Detect the frequency of the grid voltage and the phase
should be digital phase-locked;

e Receive the protection signals such an over-current,
over-voltage, and implement automatic protection.
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