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Fig.1 System structure of three phase paralleed inverters
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Fig.2 Control block diagram of inverter
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Note: u,, is main inverter voltage, V; u,is slave inverter voltage,V; T;is setting
cycle, ms; Tygy, x and Tygy, +;are the kth and (k+1)th synchronous frame sending
delay time, ms; T}, is master inverter synchronous triggering cycle, ms; Ty,
and Ty, ¢+ are the kth (k+1)th synchronous frame receiving delay time, ms; Ty,
is slave inverter synchronous triggering cycle, ms.
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Fig.3 Synchronization timing of frame transmission
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Note: 7T'is cycle of sinusoidal voltage, and also is communication cycle, ms.
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Fig.4 Time period divided figure of CAN communication
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Table 1 Phase adjustment sequence
N BRSNS 1 4 |
e S i) VA AR AR EE S5 AR
Sequence Time/ms Phase angle Phas_e angle
ahead/rad behind/rad
i li %o %o
. 2n 2n
itk tisk (p0+kﬁ ¢0+kﬁ+kA(p
i+N tirn @, +2n @, +2n

HIFAS ki, KIPFISH i+N, 3k
RIAHA A po+k2/N, rad;

e ARSI N4 AN
AFSNGN itk WA fy ms; P4
TGN po+2kn/N+kAg, rad.
Note: Number of phase adjustment sequence is N+1; i is the first, i+k is the kth,
and /+N is the last; # is time, ms; phase angle before adjustment is
@ot+k21/N, rad; phase angle after adjustment is ¢o+2k/N+kA, rad.
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Fig.5 Phase synchronizing process of inverter
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d. BRI R O
d. Carrier period adjustment waveform
F: RS EEAESH BRIRE 220 V. H5 50 Hz. YIMIAL 9,~0; 1457
LR IE 4 A5 5 IIRAE 220 V. S5 50 Hz. HIAHDL =-90°. T IH]
Note: synchronization reference voltage amplitude is 220 V. Frequency is
50 Hz. Initial phase angle ¢, is zero. Sinusoidal voltage amplitude of inverter is
220 V. Frequency is 50 Hz. Initial phase angle is -90°. The same bellow.
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Fig.7 Voltage waveforms comparison of three adjustment
methods in phase synchronization process
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Fig.8 Amplitude-frequency comparison between different
phase synchronization method in phase adjustment process.
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Table 2 THD and FS of three phase synchronization methods
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PWM carrier period synchronization ’
ST B AR AL A ik
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WAR K, e KAE N 26.7%. H1El 7c UL IEAIE 8b
ATLUE Y, AR DR 2 w2 15 1) 16.67 Hz,
M55 S0Hz M3y,  H iy AR 5 A0
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Note: 1# 2# 3# 4# are number of four inverters; Uy is the DC side voltage,
V; g/~g4 are switching devices; L is filter inductor on the low voltage side,
mH; PCC is the point of common coupling.
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Fig.9 Test system diagram
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Voltage/(100-div')

i
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e AHB(1-2): 121940%(2-3): 120° AHFE(3-1): 120°; HHEE(1-4): 0°;
1, 24, 3#, 449308 4 QARG IBIEH S .
Note: Phase shift(1-2):121°; Phase shift(2-3):120°; Phase shift(3-1):121°; Phase
shift(1-4):0°%; 1# 2# 3# 4# are number waveforms of four inverters respectively.
B 10 4 631 B#HdaEEH
Fig.10 Output voltage waveforms of four inverters
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Three-phase parallel inverter synchronous control method based on
CAN bus in power supply system

Wang Jiangbo®, Yang Rengang™™, Gao Chunfeng?
(1. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China;
2. College of Electromechanical Engineering, Qingdao Agricultural University, Qingdao 266109, China)

Abstract: Three phase grid-connected inverters are the key parts for the transfer of dispersed power generation,
such as photovoltaic, wind generation, and energy storage systems, and so on. The three-phase system could be
replaced with three single phase inverters. In this way, it could enlarge the current capacity easily without using
high isolated voltage and large current devices, and it will be more cheap and flexible. However, there would be a
significant frequency offset.

With the help of a CAN (Controller Area Network) bus, all the parallel inverters could be the master in the given
rules. The master inverter sends the frequency of itself with a synchronization-triggered frame on its clock period,
and then all the other inverters determine the frequency of the interval between the two frames. For the other
inverters, the frame is also taken as the reference phase, which can correct the phase error of the sine signal.
However, the communication data exchange speed and quality fall as the CAN busloads increase. The phase
synchronization method will cause frequency offset and voltage distortion. Therefore, a PWM carrier period based
parallel inverter synchronization control method based on a CAN bus was proposed in the paper. The method
works in dynamic master/slave mode.

In the CAN protocol, the pulse width modulation period is selected as the basic communication period. The period
is divided into 3 ranges, according to the zero point of ABC phase voltage. Each range is divided into 3 time
periods, exclusive, arbitration, and free. In the exclusive time period, the most important message is delivered. In
the design of the CAN application layer, the master dynamic setting was implemented on the ID allocation, in
which the address is allocated dynamically, and the master is determined. When the system is powered on, or the
new one is connected, all the inverters will get this information, and then send the serial numbers and connected
phase name to the bus. They can receive the serial numbers and connected phase name of the others later. The
master inverters will be decided on the given rule of the serials number. If the master stops sending
synchronization signals, the dynamic setting will be repeated again to make the new one.

The simulation and experiment of parallel inverters were finished in the carrier period based phase
synchronization method. In simulation, the phase change and frequency change methods were adopted to compare
with the proposed methods. The reference voltage was set to 220 volts, 50 Hertz, and zero initial phase angles. In
the result, the proposed method reduces the voltage distortion from 26.7% to 8.8%, compared to the phase change
method, while reducing the frequency offset from 16.67 Hertz to 0, compared to the frequency change method. It
can be proved from the simulation in Matlab that the method can achieve low distortion and little frequency offset,
compared to the other methods. Four inverters were engaged in the experiment, and that is enough to show all the
possible capacity enlarging cases with no extra expense. The controller of the inverters was developed on the
popular digital processor, which is TMS320F28335 from Texas Instrument. The results show the phase
synchronization errors keep within 1° between the inverters in the same phase, or different phases.

Key words: distributed power generation, synchronization control, algorithms, parallel inverter, CAN bus



