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Analysis of DC Converters for Wind Generators

Vladimir Lazarov, Daniel Roye, Zahari Zarkov,
and Dimitar Spirov

Abstract: The present paper investigates the system behavior ofifieeand a DC-
boost converter used in a wind generator with variable spkeghany cases a combi-
nation of diode rectifier and a DC boost converter is usedtasfatce between the gen-
erator and the inverter in order to match the requirementg#®DC bus voltage. Dif-
ferent models of the converters have been developed in N&itablink and PSPICE
environments. Comparison between the simulations andriexpets is shown. The
power losses are also discussed.
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1 Introduction

I N recent years the development of the Wind Energy Conversjsteis (WECS)

is significant. However, their widespread system integrais often associated
with energy quality deterioration in view of the stochastature of the wind. Thus,
the extensive research of the WECS, i.e. primary energyaetktn, mechanical
conversion, electrical conversion and power generatiahreatwork integration, is
needed to improve the quality of “green” energy production.

Different configurations of WECS exist, some of them using-DC convert-
ers [1]. These converters adjust the varying input voltaigthe system compared
to desired output voltage. In many cases a combination afedrectifier and a
DC boost converter is used as interface between the genenadothe inverter in
order to match the requirements for the DC bus voltage - EiguiThe present pa-
per deals with a diode rectifier and a DC-boost converter usadvind generator
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with variable speed. Converters models have been developelhlab/Simulink
and PSPICE environments. Two simple and accurate modelsedbdost chop-
per have been designed using the software MATLAB/Simulifike first method
uses the dynamic mathematical equations of the conventdsuitding Simulink
representation. This method allows the subsequent eagyotaolesign and im-
plementation. Two control loops: inner feed forward cutreantrol loop and
outer voltage control closed loop are modeled. The secortiodes based on
the SimPowerSysterfislibrary of Simulink for building the model using directly
the converter electrical circuit. Thus, the electricalnsily such as currents and
voltages might be correct simulated and observed. PSPIGteihobthe converter
and the control circuit is also elaborated to improve andifate the hardware im-
plementation. Comparisons between different models sitimuis and experiments
are shown. The power losses it the converter and the genara&talso discussed.
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Fig. 1. Wind generator with diode rectifier, DC boost coneegnd inverter.

1.1 Boost converter model

The dynamics of the converter in the continuous current n{@&M) can be de-
scribed using the Kirchoffs equations for the circuit dégicin Figure 2 [2, 3].

Control J

Fig. 2. Boost converter electrical circuit.
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The state variables are the current through the inductaraselithe DC voltage
V. The control manipulates the duty ratio in way to boost teifier DC voltage,
while keeping a constant near unity power ratio. The inductorent is
di V E
= (1—U)— 4+ — 1
OV (1)
whereE can be any input DC voltage (ex. from rectifier or battery) &b the
output DC voltage. Normally, for the boost operation V isestdt equal or superior
to E. The capacitor voltage equation becomes
av iL VvV
— = —(1- U)— — —
dt ( )C RC

The Simulink implementation of these equations is preskimé&igure 3.
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Fig. 3. Simulink realisation of the boost converter mathgcahmodel.

1.2 SimPowerSystem model of the diode rectifier-boost choppwind energy
system

SimPowerSystenfsis a supplement library of MATLAB/Simulink. It adds the
functionality of power electronics and electrical macmynsimulations in a simple

way. Instead of signal connections, SimPowerSysfenses the electrical ports.
The ports manage both voltages and currents and the ciscuierived directly

from the real pattern. The model is constructed using difietblocks from the

Matlab/Simulink library SimPowerSystem and it is shown igufe 4.

1.3 Control circuit models

The boost converter control circuit is designed on the bafsthe converter Bode
characteristics for current mode control [4]. The compésrses designed to ful-
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Fig. 4. SimPowerSystems diode rectifier-boost chopperasion system.

fill the following requirements open system crossover feggpy of 400Hz, and
20dB/dec slope in the whole range of the Bode plot. Thus, thieilgy of the
closed-loop system is ensured, nevertheless the parametegations. Conse-
qguently, the compensator s-function Tc(s) should have a pbthe origin (inte-
grator) in order to give high accuracy in steady-state méalgwed by a zero at
16Hz to compensate the main pole and another pole at 803Hapaensate the
zero due to the capacitor ESR. The DC gain in the middle has 6B in order
to put the crossover frequency at 400Hz.

2 Simulation and Experimental Results

The simulation results obtained from the developed modelslaown below. Be-
sides the described converter modeling, some experiments lbeen also carried
out. The test bench for the generator consists of a DC motee dvith variable
speed and synchronous generator with electromagnetitaéra. The main gen-
erator data are: rated power 1.5kW, rated voltage 400Vdraterent 2.2A, rated
speed 1500rpm.

The simulation results for a load current step change forRB®ICE and
SimPowerSystenfsmodel are shown in Figure 5.

Oscillograms of the regulator response to load current skemge are shown
in Figure 7. The conditions are the same as in the simulatitircein be seen that
there is a very good coincidence with the simulation resdlke regulator has very
good performance with relatively small voltage drop (3%l dast recovery time
after the step change of the load current.

Simulation results for the boost converter operation ofgdiwith Simulink
and SimPowerSysterfianodels are shown in Figure 6. In the graphs, the collector
voltage of the switching transistor and the inductor cureee shown.

As it can be seen from Figure 6, the Simulink model cannot sthevtransistor
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Fig. 5. The output voltage at load current step change sikedlavith PSPICE (up) and
SimPowerSystenf& model (down).

Vout, V

collector voltage behavior in discontinuous current modevthe SimPowerSys-
tems model correctly calculates the voltage waveform. Ttpeemental wave-
forms of the transistor voltage and inductor current arexshim Figure 8.

Simulated waveforms of the generator phase voltage andeptiasent are
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Fig. 6. Simulated waveforms of the collector
SimPowerSysten® (right).
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Fig. 7. Oscillograms of the output voltage Fig. 8. Oscillograms of the collector volt-
of the boost converter at load current stepage of the transistor and the inductor current
change (100V/div, 1A/div). (200V/div, 1A/div).

shown in Figure 9. Here, the generator is loaded with diod¢ifier and boost
converter. The simulation is performed with the SimPowst&n$ model. Os-
cillograms of the phase voltage and current at the same tomgliare shown in
Figure 10.

An analysis of the harmonic content of the generator curagick voltage has
been carried out using power quality analyzer VA6200. Tlsilteof the current
harmonic content is shown in Figure 11.

2.1 Power losses in the converter

The converter power losses are calculated using produdeslueets of the elec-
tronic components and experimental data. The switchingeloi the power tran-
sistor and diode are calculated using experimental wanefasf the current and
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Fig. 9. Simulated waveforms of the phase

voltage (upper) and current of the generator. Fig. 10. Oscillogram of the phase voltage and

phase current of the generator.
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Fig. 11. Harmonic content of the generator current loaddt diode rectifier.

voltage [4]. The results are summarized in Table 1 and shagraph in Figure
12. In this tablePyen is the measured output generator powRg: diode recti-
fier power losseshhoog bOOSt converter power losseRyppy power losses in the
module supplying the convertd® total power losses in the DC converter. The
efficiencyn is

n= Poen — Rt

Pgen

®3)

2.2 Power losses in the generator

Here, the power losses in the synchronous generator arecsubj experimental
study. In order to study the power losses in the synchronenemtor, two mea-
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Table 1. Power losses in the converter.

Poens W Pret, W Phoost, W Paupply, W Rot, W Efficiencyn

20 0 4.26 16.6 20.9 0
648 1.8 13.19 14.9 29.9 0.954
960 2.9 22.39 14.2 39.5 0.959

1326 4.3 35.55 13.1 53.0 0.960
Ptot, W
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Fig. 12. The total power losses and efficiency of the converte

surements were performed. First during normal operatioth &ctive load and

sinusoidal currents, and second when the generator wasdaady with diode rec-

tifier. The generator output power in the two cases was kepsdime - 1300W. The
mechanical power transferred from the motor to the generass also measured
with torque meter. The results for the power measuremerttseimotor-generator
set are shown in Table 2.

Table 2. Generator power losses

DC motor values
Va, V. I, A PouW praa W Preecthn W P, W Py, W
Active load 230.6 8.15 1879 242 1504 1300
Diode rectifier 234 8.45 1977 260 1581 1302
Difference 98 18 77

In Table 1: P, = V,. |y is the electrical power consumed by the DC motor,
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Pr, = I2Rs motor armature power l0SseByecn the input generator mechanical
power,P; the generator output power with active lo&y; - the generator output
power with rectifier.

The rectifier losses are included By.. Because they are relatively small they
are neglected in the calculations.

As it can be seen, in the with diode rectifier case, the nepesgaut power of
the generator increases due to the increased interior dogss. The extra power,
measured by mechanical interface,Hg = 77W. On the other hand, this extra
power can be calculated from input electrical power Pa ofRi@motor driving
the generator. The increaseRfis 98W. Increase of the armature resistance power
losses is 18W and consequently the extra powBkis- 98— 18 = 80W. This value
is close to those calculated from the mechanical power. ;Miesan consider that
the total power losses in the synchronous generator aredeed by some 78.5W
which is 5.2% of the input mechanical power and 6% of the augmwer. The
efficiency of the generator is decreased by 4% from 86.4 t4%82.

3 Conclusions

Models of a diode rectifier and a DC-boost converter used iniral \generator
with variable speed have been developed in Malab/SimulmkRSPICE environ-
ments. Two simple and accurate boost chopper models havedesgned using
the Simulink software. The modelled converters were redliand an experimen-
tal study was carried out. Comparisons between differerdetsosimulations and
experiments are shown. The converters and generators possss are measured
and calculated as so system efficiency was evaluated. Dhe toarmonics in the
generator current, the converter with diode rectifier leladscreased losses in the
generator and decreases the system efficiency.
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