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Abstract—Photovoltaic grid connected inverter is the core
interface device in the photovoltaic power generation system
to grid. The power quality of photovoltaic power generation
system is affect by the waveform of output sinusoidal AC
current directly. In this paper, current deadbeat control
algorithm and a two-stage photovoltaic grid-connected in-
verter control strategy are proposed by analyzing the deri-
vation of a photovoltaic grid-connected inverter. According
to the grid connected Photovoltaic system features, a set of
three-phase Photovoltaic grid connected inverter is de-
signed, which rated power is 15 kW. The deadbeat control
algorithm is introduced, based on the analysis of photovolta-
ic grid connected inverter topology, grid connected voltage,
current, power, and the current waveform distortion rate.
The deadbeat control algorithm is effective to control the
three phase inverter output current through the system
simulation and analysis.

Index Terms—grid connected inverter, topology, deadbeat
control, system simulation.

L INTRODUCTION

With the problems of energy shortage and environmen-
tal pollution growing, the development of clean and re-
newable energy is more and more concerned in the world
[1-5]. Photovoltaic power generation technology have
continued development, which has become one of the
main ways of utilizing solar energy in latest 20 years.

Grid connected inverter is the most important interface
equipment for photovoltaic power systems and grid. The
goal of system control is to achieve sinusoidal AC output,
because of the output current waveform of the power qual-
ity directly affect the photovoltaic power generation sys-
tems. So the grid inverter output current control strategy to
become one emphasis of the photovoltaic power genera-
tion system research [6].There are several methods that
applied in inverter output current control, such as deadbeat
control algorithm, PI control, spatial vector control meth-
od (SVPWM), stagnant loop control method etc [7]. As
detailed in [8], the existing full-bridge-type and half-
bridge-type converters have been analyzed by using the
developed model and rules, and a new full-bridge-type
converter structure and a compensation strategy for half-
bridge-type inverter have been presented. As detailed in
[9-15], some of the topologies are pointed out as the best
candidates for either single PV module or multiple PV
module applications.
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In this paper, the deadbeat control algorithm is adopted
to control the output current of 15KW photovoltaic invert-
er system through the analysis.

II.  CONTROL OF GRID-CONNECTED INVERTER

PV grid-connected inverter block diagram is shown in
Fig.1. The MPPT part is DC voltage and AC current cycle.
The Boost circuit with three-phase inverter circuit can be
independently controlled by two controllers, and PV array
with multiple boost circuit of the high DC voltage output
[16-18]. The MPPT with DC voltage and grid current cy-
cle are independent, because of the Boost circuit output
voltage of the solar is increased. Boost circuit according to
the characteristic of the solar cell, adjusting the duty cycle
to regulate the working voltage of the solar cell, thus en-
suring the photovoltaic array operating at maximum pow-
er point [19-22]. Boost circuit output voltage of the solar
cell is increased.

The Maximum Power Point Tracking control block is
shown in Fig. 2. The control scheme provides an opti-
mized simple and effective maximum power point track-
ing control algorithm (Maximum Power Point Tracking,
MPPT) of the PV array maximum power output under
different light and temperature conditions change. The
cost of system indirect was reduced, when improving the
conversion efficiency of the PV array. Synchronous rotat-
ing coordinate system, the application of an electric cur-
rent vector PI control method, which both to achieve syn-
chronization with the mains voltage of the inverter output
current (power factor is one) and grid current closed-loop
control. The current impact to the grid can be solving to
photovoltaic power generation control system.
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Figure 1. Structure of the inverter based on deadbeat control
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Figure 2. The control block diagram

III. TOPOLOGY OF GRID CONNECTED INVERTER

Grid connected inverter is core device of photovoltaic
power. The function of the inverter is photovoltaic cells
DC power can be converted into AC power, and transmit-
ted to the grid.

The topology of Single-stage photovoltaic grid con-
nected inverter is shown in Fig.3.
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Figure 3. Topology of grid connected inverter system
Where e,, e,and e, are the three phase power supply
voltage, i,, iy and i, are the three phase current of grid con-
nected inverter, L is the reactor inductance, C is the capac-
ity of DC side, Uj, is the voltage capacitor, S, Sy, S, Si
Sy’ S." are the device of insulated gate transistor (IGBT).

IV. DEADBEAT CONTROL ALGORITHM

The main objective of the proposed control is to
achieve low harmonic distortion in the grid current even
during grid abnormal conditions. Deadbeat control algo-
rithm is a control algorithm depends on the circuit pa-
rameters used in the inverter system modulation algorithm
will lead to inconsistent. When the cycle of control is be-
ginning, a voltage vector, that the error tends to zero, is
selection to control the inverter switching device.
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The voltage equations of the loops ADNEB, BENFC,
and CFNDA in Fig. 3, are shown in (1).

di di

L—+u Uy —L—t=u, —u
DN EN dt A B (1)

g
L= 4 u,y —up, L—It" =u, —u,

di di
L—+u, —upy - L—"=u.-u
dt FN DN dt C A

Switching function is shown in (2). Taking A phase for
example, when the above diode is turned on, the d: is 1
value and UDN equal to U;. When the below diode is
turned on, the d: is 0 value and UDN equal to zero. So B

phase or C phase is the same program. Accordingly, Equa-
tion (3) can be derived.

. 1
dy = (k=a,b,c) 2)
0
Where ; is the description of switch status.
upy =d,U,
Ugy = d;Ud @)
Upy = d:Ud
If the (3) is substituted into (1), (4)can be derived.
L?:_Lj:= —(da —dbk/d +U, —U,
di di, R “)
Lj;’—L 0 —(db —dé,k]d Uy U,
dl. dl. * *
L—--L—*4=-\d -d +U.—U
dt dt ( c akjd C A

The capacitor voltage equation represented by the
switching function of the (5).

du,

C ®)
dt

. * . * . *
=id, +id, +id,

The duty cycle of device S,, Sy, S. are the d,, dy, d.
which switching pulse signal during a switching cycle. As
described in (6).

d, = L (k=a,b,c)

s
During the duty cycle, d,, d, and d. is equal to the
switching function the average of d:,d; and d: respec-

(6)

tively. When the frequency of switching is relative high,
the average sense available d,, d;, d. instead the d:, d; R

d

*

c*
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The Equation (4) and Equation (5) are transformed to
matrix form respectively. The Equation (7) indicates
deadbeat current control mathematical model of the in-
verter.

L -L 0 0] |°
0 L -1 ol|d"]2
dr|i.
0 0 0 U,
L Ud
000 0 -(d-db,1 |" (7)
1
0 0 0 -(d-du,|x|’
d d, d 0 ‘
d
u
1 -1 0 0] |°
uy
#0 1 -1 0|x
u
00 0 0 |
0

If the (7) is discrete, taking AT finite increment instead
approaches zero the limit of zero. when the switching fre-
quency is relatively high, AT can be instead of 7, . That
is d,equal to AT, Ts. So the (8) can be derived.

diy i~k (k=ab,c) (8)
a T,

Where T is the time of switching period, ix is the actu-
al output current of the k phase in the inverter, ix is k
phase compensation current value.

If the (8) is substituted into (7), thus (9) can be derived.

d, = 3(1] ‘L( 2x, +xb+x) (2uA—uB+uC)}+
)
30, |T;
1
¢ 3U

d, =1[L(xa —2xb+xc)+ (uA —2u3+uc)]+

= = o

L (x +X, - 2xc)+(uA+2uB+2uC)]+

Where x,=i,"— i,,x,=10p" —ip, x. = i." — i,.
The d,, d, and d, can be use to control the IGBT devices.

The PV grid connected inverter output current iy is equal
to the compensation current ix” in a switching cycle.

V. SIMULATION AND ANALYSIS

Deadbeat control algorithm is applied in PV grid con-
nected inverter analysis, and the power is 15kW. In full
load state, the grid voltage, current, the waveform distor-
tion rate of grid connected current are researched.

The Fig.4 indicated the grid voltage waveform in full
load, and Fig.5 indicated the grid current waveform in full
load. The grid current distortion rate of only 1.4% distor-
tion rate can be seen from the Fig.6, which is very small.
As can be seen from Fig.7, the grid power factor is
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reached to 1.0, that is issued by the current is 100% active
current. But the reactive power 0 is inaccurate in Fig.7.
The actual power factor of this system is 0.997 through
calculation of the total active power 14.09KW and the
apparent power 14.13KW.
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Figure 4. Grid voltage waveform in full load
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Figure 5. Grid current waveform in full load
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Figure 6. Distortion rate of Grid current in full load

power
FULL & 0:00:07 P =<k

A B C
kU 463 473 467 1409
kUR 4.70 475 468 1413
kUAR ¢ 032 =< 033 : 031 : 103
PF 1.00 1.00 1.00 1.00
Cos@ 1.00 1.00 1.00
Arms eel ee.l 218

A B C
Urms 2132 2150 2137 A

Figure 7. Grid power chart in full load
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When the light intensity decreases, the power genera-
tion is in the case of 50% of the power. Fig.8 indicated
Grid voltage waveform in 50% load. Fig.9 indicated Grid
current waveform in 50% load. Fig.10 shows indicated
Distortion rate of Grid current waveform in 50% load. The
Fig.11 indicated the chart of power generation grid power
in 50% load.
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Figure 8. Grid voltage waveform in 50% load
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Figure 9. Grid current waveform in 50% load
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Figure 10. Distortion rate of Grid current in 50% load
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Figure 11. Grid power chart in 50% load
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It is no difference between voltage waveform in Fig.8
and Fig.4, because the grid for this small system is an in-
finite system, also the voltage of the system will not
change. As can be seen from the Fig.9, the valid values of
current dropped by half, but the sinusoidal waveform of
grid current is still well. The distortion rate of grid current
waveform is 2.4%, which can be seen in Fig.10. The
Fig.11 indicated the grid power factor is 0.99 at this time
of the system.

VI. CONCLUSIONS

The deadbeat control algorithm as the current closed-
loop control algorithm has high control accuracy, fast dy-
namic response characteristics to meet the photovoltaic
power generation control system requirements. According
to the analysis of PV grid connected inverter system,
which Power is15KW. The results indicated the deadbeat
control algorithm is effective to control three phase grid
output current of the inverter. However, deadbeat control
algorithm has limitations, as follows.

(1) It is depend on accurate mathematical model, circuit
model based on the system state equations. Also the con-
trol degree of accuracy of the effect depends on the pa-
rameters of model, so the deviation of the model parame-
ters will lead to the unstable region caused shock.

(2) The maximum duty of output pulse width cycle is
restricted, because of sampling and calculation delay.
Therefore, the pulse width must be shot when is calculat-
ed. If the delay time of the control cycle quite deadbeat
control algorithm, deadbeat control can not be achieved in
shot output state. The impact of the delay is getting small-
er and smaller, because of the high frequency digital sig-
nal processor. It has been widely used in sampling and
calculation of power electronics control.
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