Vol.5 No.2, Jun. 2014 Journal of Measurement Science and Instrumentation Sum No. 18

Research and simulation of two-level grid-connected
photovoltaic inverter system
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Abstract: The photovoltaic cell can achieve the optimal state, and the solar energy is converted into electrical energy suffi-
ciently in the two-level PV power system by using the method of MPPT which is based on the front stage Boost converter.
The back stage network side inverter adopts the method of deadbeat control and the grid power factor turns to be 1. The
maximum power point tracking is realized, and the grid current has the same frequency and phase with the grid voltage
through simulation. Therefore, efficiency of the solar module is improved and the sine AC wave of the inverter control
circuit is high-quality. Each converter can achieve relatively independent function in the two-level PV power system by the
method of Matlab/Simulink software simulation. The simulation shows that it is very conducive to the modular design and
integration of the system.
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Solar energy is a kind of clean and renewable
energy nowadays, so it has aroused more and more
concern. The PV power generation system can be
divided into two kinds of the PV off-grid power
system and PV grid power systemm. The PV oft-
grid power system is used for rural electrification,
communications and industrial applications. The PV
grid power system is mainly used for combining
buildings in a city, as well as used for large desert
PV power plants. Such applications have become
the mainstream of the PV market?'.

The front stage Boost converter with the method
of improved CVT start which is in combination with
the variable step size disturbance observer method
can realize the simulation of MPPT. The advantages
of the method are that it can quickly track the maxi-
mum power point and reduce the disturbance near
the maximum power point. Further, the method
can also save energy.

The back stage network side inverter generally
adopts the method of double loop to control the
voltage and current. It is a relatively mature classi-
cal control method and easy to implement. Howev-
er, it has slow dynamic response speed and needs
long adjustment time. The output current waveform
quality is weak when rapid changes occur in the
light condition. In this paper, the method of the
deadbeat control is adopted. Deadbeat control
method has the advantages of fixed switching
frequency, good dynamic response and low harmon-
ic content. In addition, it can output high-quality
grid current.
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1 Control principle of two-level grid-
connected photovoltaic system

Fig.1 shows the two-level PV power system cir-
cuit. The controller 1 is able to realize the maximum
power point tracking which means that it achieves
MPPT control of the front stage Boost converter ™ .
Controller 2 achieves control of the unity power
factor and control of DC side voltage, which reali-
zes that frequency and phase of the grid current are
the same as the grid voltage™ .

1.1 MPPT control based on front stage DC/
DC converter

The output voltage of the Boost converter is con-
trolled by the network side inverter, so adjusting the
Boost converter switching duty cycle is equal to
adjusting the input current of the Boost converter.
In this way, output voltage of the photovoltaic cells
is regulated. According to the output voltage and
output current of the photovoltaic cells which are
detected, the Boost converter can regulate operating
point of the photovoltaic cell voltage command U
by MPPT control algorithm. Then the sampled val-
ue of the output voltage of the photovoltaic cells
Uspy is subtracted from U,;, and the input voltage
closed-loop control of the Boost converter is realized
by a PI regulator. So the MPPT control of photovol-
taic cells is implemented.

In this paper, the maximum power point tracking
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is achieved by using method of the improved CVT
start which is in combination with the variable step
size disturbance observer. Larger step of voltage
disturbance can be able to improve the tracking

speed and reduce the time of photovoltaic cells in
the area away from MPP. The tracking accuracy is
certified by using smaller step of voltage disturbance
in area near the MPP region.
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Fig.1 Two-level PV power system circuit

1.2 PV grid-connected inverter control

Deadbeat control principle is described as fol-
lows. Firstly, the next switching cycle of PWM
pulse width is calculated by the state equation of the
inverter and output feedback signal®’. Secondly,
the tube’s turn-on and turn-off of the power invert-
er bridge is controlled according to the pulse
width™’ . Ultimately, output waveform of the inve-
rter is displayed. The deadbeat control can adapt to
the PV grid-connected inverter control because it
has advantages of good dynamic performance, un-
distorted output waveform, short transient response
time and so on'*".

The deadbeat control scheme is adopted by the
back stage network side inverter. Eq. (1) can be
obtained from Fig. 1. That is

U, = U(,; + ju'Li(;’ <1)

op

where U, is output voltage of the grid inverter; U
is grid voltage; i is grid current; L is inductance of
the boost circuit.
The time domain circuit equation Eq.(2) is
obtained by Eq. (1).
di
S5 Ry, (2)
where 7; is output reference current of the inverter.
Eq. (3) is discrete process of Eq. (2). We have

U,=U;+L

. , T .
Uiy T gy YL U - Us , —Rip i, (3)

where T, is sampling period; i is the current

Ln)

value which is sampled at the n-th times about
inductance L Uop[ ] is the arithmetic mean of U, at

the n-th sampling period; U, 1 is the arithmetic

mean of U, during the n-th sampling period; ¢ .

is the arithmetic mean of i; during the nth sampling
period.
In fact, Ug,,, is the pulse voltage, and its pulse

width Dy, is as follows

Ump[”]
Doy = (4)
Output voltage of the inverter can be obtained by

controlling the sampled pulse width, so controlling

UUPM means to control the output voltage of the
inverter.
Eq. (5) is calculated by Eq. (3).
L. .
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7

_— | in Eq.(5) if

the inductor current is able to track the reference
current at the sampling time of (7 +1). As a result,
Eq. (6) is obtained

can be used instead of i,
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Eq.(7) is calculated when Eq.(4) is put into
Eq. (6).
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In analysis of the deadbeat control principle
presented here, the inverter reference current signal
at the next cycle is the premise of obtaining the in-
verter pulse width at the next sampling cycle, and
the next PWM cycle time is calculated by the above
formula. Fig.2 shows the schematic of reference
current obtained by the grid side inverter.
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Fig. 2 Schematic of reference current obtained by
inverter
1.3 Algorithm two-level grid-connected

photovoltaic system

Fig. 3 shows algorithm flow chart of the two-level
grid-connected photovoltaic system. Disturbance
step is adjusted adaptively when the difference is not
0 but between V, and V,_,. The end of the return
will be completed if V, is equal to V,_, . Firstly, the
open voltage of PV system is sampled, and the ini-
tial voltage of CVT is set. So the output voltage of
PV cell is controlled, moving from the open voltage
to the maximum power point voltage. Secondly, the
variable step disturbance observer method is adopted
when the output voltage reaches the needed point.
Then, output power P can be obtained by the MPPT
control strategy, and valid value of the reference
current is calculated when power P is divided by the
grid voltage . Then , reference current signal of the

inverter which is at the next cycle is determined ac-
cording to the phase of the grid voltage. Finally,
the inverter pulse width is able to control tube’ s
turn-on and turn-off of the power inverter bridge.
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Fig. 3  Algorithm flow chart of the two-level grid-
connected photovoltaic system
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2 Simulation and analysis

The simulation about the Boost circuit parameters
are as follows. The switching frequency Jf is
10 kHz; inductance L is 6 mH; DC capacitor C is
1 500 pF. The two-level photovoltaic power genera-
tion system simulation model is set up based on the
above parameters, as shown in Fig. 4.
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Fig.4 Two-level photovoltaic power generation system simulation model
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Simulation diagram is shown in the MPPT control
model based on the front stage DC/DC converter in
Fig.5. The optimal state is realized when « is 0.01
in Eq. (8), compared with various step curves which
concludes different colors. In other words, the
tracking speed is the fastest and the volatility is the
minimum, so MPPT tracking is better realized.
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Fig.5 Voltage tracking diagram of MPPT control

Simulation results of the double loop which con-
trols voltage and current are shown in Fig.6. The
current can be able to track the voltage well, but
the output current waveform is distorted and the
waveform quality is not high.
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Fig.6 The simulation of double loop

Fig.7 shows the wavefosm that the current can
track the grid voltage in the deadbeat control model
of the network side inverter. The grid current can
track voltage quickly to achieve! the same frequen-
cy and phase of the grid current and grid voltage.
The grid current waveform will be able to maintain
stability after 0. 01 s when frequency of uhe grid
voltage is from 50 Hz to 60 Hz at 0.08 s. So the grid
current can track the grid voltage precisely. The
waveform in Fig.7 proves that there is short tran-
sient time and good steady-state performance in the
deadbeat control.
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Fig.7 Waveform that current tracks the grid voltage

3  Conclusion

Simulation model of the two-level PV power sys-
tem is put forward in this paper. The simulation
module is realized in the simulation environment.
The front stage Boost converter uses the method of
improved CVT start which is in combination with
the variable step size disturbance observer method
realizes the simulation of MPPT. The back stage
network side inverter uses the method of the dead-
beat control to control the grid inverter current.
Current and voltage of the grid have the same fre-
quency and phase. The maximum power point
tracking and grid inverter control are relatively in-
dependent in the simulation model. The entire sys-
tem is not only conducive to the modular design but
also more flexible and reliable.
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